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with TWECO Conne 


The greatest waste of profit in any weldery is caused 
by lost energy in the welding circuit that results in 
lowered production and wasted man hours. Current 
losses in themselves are not vital but diminished profit 
from poor efficiency in welding circuits 1S important 
and warrants investigation by top management. A 
Tweco bulletin on “Causes and Cures” for these defi- 
ciencies is available without obligation, just write for it. 


TWECOTONG 
Electrode Holders 


@ Simple design — cool 
running — positive rod 
grip in all positions 
@ Copper alloy construction for 
greater strength and efficiency 


@ Twecotong’s “Super-Mel” tip insulators 

are precision molded with 30 or more layers 

of glass cloth impregnated with pure melamine 

resin binder that will not turn to carbon under 
heat. The same tip insulator fits both top and 
bottom jaws of all Twecotong models except A-532. 


Deeply Recessed 
Insuletion Screws 
Ventilated Hondle 


Insuloted, Neoprene 
Covered Spring — 


Powerful Bite — Concecled 
e Clamp & Solder A Potented Product 
The simple design and quality materials in TWECOTONG 
aia = have been field tested for longer life, lower maintenance cost 
el and better operator satisfaction. Save with TWECOTONG. 
TWECOTONG CABLE 


end HOL-GRIP Connectors 


Electrode Holders 
TWECOTONG SINGLE UNIT PRICE WRITE For Quantity prices 


Model A-38 Model A-14 Medel A-316 Model A-532 
500 AMPS 300 AMPS 250 AMPS 200 AMPS 
for 3/8-3/32" rod for 1/4-1/16" rod for 3/16-1/16" rod for 5/32-1/16" rod 


CARBON 
Electrode Holders 1 $6.50 $5.00 $4.75 $4.50 
TERMINAL Standard equipped with heavy duty “Super-Mel’’_ insulations 


Connectors 


CABLE SPLICERS 


e Write for Twecolog +8 giving data and prices on the complete TWECO line of 
TwEco electrode holders, ground clomps and cable connections for electric welding. 


Ground Clamps 
5 MANUFACTURERS OF ELECTRODE 
HOLDERS © GROUND CLAMPS 
i x @ CABLE CONNECTIONS 
wecd FOR ELECTRIC WELDING 
TWECOLUGS 
PRODUCTS COMPANY 
YOUR TWECO DISTRIBUTOR CAN SUPPLY YOU 


( P 

o 

4 

23 


WHERE THE JOB IS TOUGH... 


use HOBART Simplified Arc Welders! 


You'll find that with Hobart Arc Welders, portable or stationary, you can speed 
up production and cut costs on even the biggest and toughest jobs—in or out 
of the plant. It's all made possible by Hobart’s extra welding capacity at no 
extra cost. Mail the coupon today for complete information. HOBART BROTHERS 
CO., BOX WJ-51, TROY, OHIO, U.S.A. “One of the world’s largest builders of 


Lights, Power, Welding 


Special auxiliary power outlets enable you te 
operate lights and small power tools and still con- 
tinve welding. 


Electric Drive Arc Welders 


-.. Gre available in a range of sizes to meet your 
welding requirements in factory, shop, or garage— 
portable or stationary. 


250 amp. “‘pipeliner’’—greatest 


oil field use. Stand quip includes 1 KW 
auxiliary D.C. power for lights and small power tools, 


: “simplified” ARC WELDERS 


HOBART No. 12 (E-6012) an all-purpose electrode , HOBART BROTHERS COMPANY, BOX WJ-51, TROY, OHIO, U.S.A. 
adaptable to 80% of all production welding Without obligation, please send me complete information on items checked below: 
0 Amp. Gas Drive Amp. Electric Drive Hebert “Pipeliner” 
welding job. The complete story on selection, 
identification, application, physical proper- NAME 
ties, and recommended currents is given you 
without cost in the New Hobart Electrode FIRM 
Catalog illustrated at right. Send for it today! O tome 
ADDRESS. Bosiness 
CITY. STATE 
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i Of the fourteen leading* builders of gas 
7 holders in the U. S., eleven 

. have long been regular users of 
Murex Electrodes. 


In both shop fabrication and field 
erection work, Murex Electrodes speed 
welding—assure top welding quality. 
That is why welding engineers in 

this and many other industries 

prefer Murex. 


*AIl those who have AAAA directory financial ratings 


METAL & THERMIT CORPORATION too tasr st., wew vorx 17, w. 
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The Bent Offset electrode? is but one of many types 
in which the Mallory fluted water hole is available. 


REASONS WHY MALLORY 
FLUTED ELECTRODES 
ARE SETTING 
WELDING RECORDS 


@ 70% increase in cooling area, 

@ Positive tube centering. 

@ Faster heat dissipation. 

@ Reduced mushrooming. 

@ Less frequent dressing. 

More rigidity. 

Available in all types of electrodes 


with +1, #2, and #3 Morse tapers. 


(cross-section of fluted water hole) 


Mallory Fluted* Welding 
Electrodes Get the Most Out 
Of Every Pound Of Copper 


In addition to lowering welding production costs, Mallory fluted 
electrodes are making a big contribution to the conservation of 
essential copper because of their substantially longer life. And 
this double feature is gaining new acceptance every day. 


Typical reports from the field indicate tremendous performance 
advantages in favor of Mallory fluted electrodes . . . “3864 welds 
and still in operation, compared to 1200 welds with other elec- 
trodes”... ‘167% increase in number of welds”... “10 times 
more welds on NAX type steel bars”... ‘18,000 welds, com- 
pared to 7200 obtained with electrodes formerly used, and no 
dressing required.” 


Mallory fluted electrodes will give you more welds per dollar, 
more welds per pound of copper, and require less down time 
for dressing. 


That’s value beyond expectation! 


Mallory resistance welding know-how is at your disposal. 
What Mallory has done for others can be done for you. 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 


Resistance Welding Electrodes, Holders, Dies, Rod and Bars, Castings, Forgings 


t SERVING INDUSTRY WITH 


Electromechanical Products 
Resistors Switches 
TY Tuners ibrators 
Electrochemical Products 
Capacitors Rectifiers 
Mercury Dry Batteries 
} Metallurgical Products 
4 Contacts Special Metals 
Welding Materials 


*Patent Pending tPatent No. 2,489,993 
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All steelwork on this bridge was flame-primed before paint was 
applied. Today, after 9 years’ service, the original paint job 
still provides complete protection against corrosion. Present 
condition of surfaces is clearly shown by unretouched close-ups. 


Your Steelwork... 


How Will It Look in 1960? 


Steelwork you coat with and smoothly, bonds tightly, and lasts longer. 


good paint today can still Flame-priming is one of many time- and money- 
look like new ten years from saving Linpe methods for making, cutting, joining, 
now, if you flame-prime all treating, and forming metals. So, whatever you do 
exposed surfaces first. And with metals, there is a good chance that LinpE 
what you'll save on main- know-how, show-how. and equipment can help you 

tenance, because of increased protection due to do it better, more quickly, or at lower cost. 
flame-priming, will more than pay for all the flame- To find out, without obligation, telephone or write 
priming apparatus and materials you need for the job. our nearest office today. Linpe Air Propucts 
Flame-priming is simple to do, requires little Company, a Division of Union Carbide and Carbon 
equipment, and costs little. A brush of oxy-acety lene Corporation, 30 East 42nd Street, New York 17, 
flames pops off seale and drives out moisture. Paint N. Y. Offices in Other Principal Cities. In Canada: 


applied to the warm, dry surface goes on quickly Dominion Oxygen Company, Limited, Toronto. 


Products and Processes for MAKING, CUTTING, 
JOINING, TREATING, AND FORMING METALS 


The term “Linde” is o registered trade-mark of Union Corbide and Carbon Corporation. 
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Big 2-stage VICTOR Regulator 


Model VTS70, built for large 
gas flows, is especially suited 
to manifold systems, and other 
high capacity applications. 


ACCURATE OPERATING PRESSURES— 
Setting holds over entire pressure range, regard- 
less of inlet drop, thus keeps welding or cutting 
flame steady without readjusting —so you in- 
crease working time and save gas. 


MORE WORK WITHOUT REPAIR —Seat 
mechanism is designed to close with flow, thus 
eliminating impact friction and wear. Dia- 
phragm is made flat of nickel-silver alloy; pat- 
ented rubber cushion protects against shearing. 
Improved filter protects seat and nozzle from 
scale, rust and dust. 


Equipment 
Welding ond corgi SAFETY FEATURES— Oversize equalizing 


chamber removes compression heat hazard. Re- 
lief valve operates instantly in case of excessive 
pressure. 


Why waste time and gas with worn-out regulators? Accurate, long-wearing 
VICTOR Safety Regulators are available for almost every use and gas; for 
Pressures up to and beyond 5,000 PSI; for volumes up to 2,000 CFM. Ask 
your VICTOR dealer to show you. Call him NOW. 


VicIOR EQUIPMENT COMPANY 


3821 Santa Fe Ave. 


B44 Folsom Street 1312 W. Lake 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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‘ast Weld Construction 


by Jack Osborn Felt 


RACTICAL application of the results of intensive 
research and product development activities is 
providing the key to improved steel casting pro- 
duction and contributing significantly to the solu- 
tion of many complex engineering design problems, it 
was reported at the Fifth Annual Technical and Oper- 
ating Conference of Steel Founders’ Society of America. 

Emphasis was directed to advances in operational 
efficiency, reduction of production costs coupled with 
noteworthy improvement in the quality of cast-to- 
shape metal products, and expanding knowledge and 
understanding of the advantages of cast steel as an 
economical, dependable and versatile engineering ma- 
terial. Of especial interest and significance to design- 
ers was emphasis directed to impressive technical de- 
velopments in the field of cast-weld construction and 
proved cast-steel welding procedures. 

Redesign for cast-weld construction, often affording 
distinct advantages for the customer, was described 
in a typical example discussed by Arthur 8. Breithaupt, 
vice-president, Dodge Steel Company, Philadelphia, 
who launched the extended discussions of ‘‘engineering- 
based product development”: A pump manufacturer 
sought quotations on a new centrifugal pump design. 
As submitted, the design incorporated a by-pass cham- 
ber imbedded in the heavy sidewall of the housing, 
formed by a small core leading from the main internal 
body core; the size and position of this chamber core 
made it difficult to produce the core and extremely 
hazardous to produce a satisfactory casting. 

Conferences between the foundry and customer engi- 
neering groups brought agreement on necessary de- 
sign changes to meet service requirements in the en- 
tirely new pump application, in which size and weight 
were vital factors. As a result, the housing was re- 


Jack Osborn Felt is Public Relations Counsel, Steel Founders’ Society of 
America, 18 East 41l+t Street, New York 17, N. Y 
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» Foundries all over the country are placing special empha- 
sis on developments 


of cast-weld construction 


in field 


designed to be made as two steel castings, the by-pass 
chamber to be a separate casting and welded on to the 
body casting. The wall sections were reduced providing 
an over-all weight saving of 27 lb. or a competitive 
weight advantage of 12°). Greater pump efficiency 
also was achieved by redesign leading the discharge 
throat away tangentially, rather than from the im- 
peller chamber in an are, as in the original design. 


CAST-WELD REDESIGN EXAMPLES 


Engineering and development of new castings has 
many ramifications and is handled by many methods 
by various companies, according to A. H. Suckow, 
metallurgist, The Symington-Gould Corp., Depew, 
velopment of New Casting Design’ he put particular 
emphasis on gains being made via redesign and con- 
Most castings, he 


In a paper on “Product Engineering and De- 


version to cast-weld consiruction. 
said, especially those of a complex nature, lend them- 
selves to redesign as cast-weld structures. The attain- 
ment of a satisfactory redesign results from careful 
study of the functional and structural design features, 
as balanced against the utilization of the simplified 
components to specific needs. 

These requirements he listed as (1) reduce manufac- 
turing cost by division of the casting so as to eliminate 
coring; (2) economical distribution of metal for best 
weight-strength ratio and avoidance of stress concen- 
tration; (3) hold welding costs to a minimum by proper 
location of welds; have a minimum number of run-out 
tabs and backup plates; and (5) finally stress relieve 
the welded assembly. 

As an example of successful developmental work of 
this type, Mr. Suckow cited redesign carried out by 
Symington-Gould in conversions of freight car center 
fillers and strikers, parts which a few years ago were 
virtually written off by many foundries as lost tonnage, 
due to use of weldments made up of rolled steel plates. 


Cast Weld Construction $15 


Fig. | Conversion redesigns for three-piece cast-weld 
pSreight car omnes filler (top) and striker units developed 
y The Symington-Gould Corp. 


} All photos Pe. in this article supplied through the courtesy of 
: Steel Founders’ Society of America 


Because of the costs entailed in coring original cast- 
‘ing design, car builders developed a weldment design 
for the center filler, consisting of 17 parts and requiring 
672 lineal inches of welding. In order to compete with 
this type of construction, representing a considerable 
tonnage figure, it was necessary to redesign the original 


fig. 2 Three-piece center filler design, showing three 
steel casting units before welding 
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fig. 3 Three-piece striker casting, redesigned for cast- 

weld construction paved way for compurable savings: 

core weights reduced from 186 to I Ib. in one type of 

striker assembly (Fig. 4), and to 71 Ib. per steel casting in 

larger, more complex design (Fig. 5). Molding costs were 
reduced in similar degree 


one-piece cast center filler, Fig. 1. After much experi- 
mentation and combined effort of sales, engineering and 
production personnel, a new design consisting of two 
cast-steel side pieces and a separate center piece was 
evolved. The new three-piece cast-weld structure, 
Fig. 2, enabled a reduction of core weight from 308 Ib. 
to a mere 3 Ib. per casting; resulted in a reduction of 
638 in. in lineal weld; and a 30° reduction in weight. 
Other gains were reflected in increase in daily output 
of foundry molds, considerable reduction in the cubic 
content of sand necessary per mold and reduction in 
labor-handling cosis. 

As a sequel, Symington-Gould has applied this ex- 
perience and technique to redesign of the striker casting 


Fig. 4 Three-piece striker casting after welding, applying 
same technique of cast-weld construction used in success- 
Sul center filler conversion 
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Fig. 5 Three-piece striker casting of larger size and more 
complex design after welding 


the original design for which was a combined striker 
body and front draft lugs, Figs. 3 to 5. Here again, 
reduction of core costs was necessary. Internal cores 
in the original one-piece striker design weighed 186 lb. 
After redesign of the casting to a three-piece welded 
structure, it was possible to reduce core weight to 1 
lb. in one type of striker assembly, and to 71 lb. per 
casting in a larger, more complex design. Molding 
costs were reduced in similar degree. 


COSTS REDUCED, TONNAGE GAINED 

Proof of the value of product engineering in the in- 
stance of the two conversion examples, Mr. Suckow 
said, is that approximately 20,000 car sets of the cast- 
weld center filler and striker units have been produced, 
with complete customer satisfaction as to quality and 
ease of application. Production cost reflected in sell- 
ing price has been reduced 25%, and the net result has 


been that steel casting tonnage, formerly given up as 
lost, has been regained to a great extent. 

Another important outcome, he added, is that 
Symington-Gould now has a cast-weld department 
set up with all necessary equipment to handle this type 
of redesign conversion work with the least amount of 
effort, set up time, and expense. Experience now indi- 
cates the high value of such cast-weld projects from the 
standpoint of economy, with castings being produced 
with much lower core cost, smaller flasks and use of 
less sand per mold, easier sandblast cleaning, and ma- 
terially lower finishing costs. Daily production, he 
concluded, meantime has been increased 25 to 30% 


CAST-WELD ON BIG JOBS 


In the next paper, “The Redesign of Steel Castings 
and Weldments to Cast-Weld Construction,” A. L. 
Wentzel, works manager, Birdsboro Steel Foundry 
and Machine Co., Birdsboro, Pa., lent additional em- 
phasis to the noteworthy gains being achieved by adap- 
tion of the cast-weld principle and related redesign 
considerations. 

Pointing out that definite advantage can accrue 
through use of the cast-weld process, particularly to 
foundries producing miscellaneous medium- and large- 
size work, he said that Birdsboro experience indicated 
conclusively that casting tonnage is not lost; to the con- 
trary, the foundry has a better chance to gain produc- 
tion and is in better position to compete with fabrication 
shops making products of 100°) welded plate. 

Reminding that jobs lost to weld shops in most in- 
stances were originally castings requiring many cores 
or heavy-cored castings of rangy size, the problem 
therefore, he said, resolves itself very quickly into lower 
cost castings if they are redesigned to eliminate cores. 
Pursuing this basic approach, many cases are found in 


Fig. 6 Redesign to use two steel castings (above) and utilization of cast-weld principles proved solution to problems en- 
countered by Birdsboro Steel Foundry and Machine Co. in development of a 50)9-lb. strip repeater 
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Fig. 7 Cast-weld strip repeater assembly shown after 
welding 


Fig. 9 Rolling mill pinion housing after welding, joining 
two steel castings to comprise single 6170-lb. unit 


Fig. 8 Rolling mill pinion housing parts before welding 


which it is beneficial to redesign to cast-weld construc- 
Mion. Among positive benefits thus to be obtained are 
‘proper functional design of the part, lower pattern 
costs, reduction of defects because of better foundry 
methods possible through improved design, better 
damping qualities of a cast-weld structure as compared 
to a weldment, possibly better delivery and reduced 
selling price in many cases. By this contact with the 
customer through his design engineers, he added, a 
foundry frequently is able to outline proper design for 
best foundry technique and obtain agreement on de- 
signs that can be produced at lower costs than the 
originals. 
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FOUNDRIES FULLY EQUIPPED 


It is particularly fortunate, Mr. Wentzel said, that 
steel foundries are so equipped that additional equip- 
ment is not needed to enter into cast-weld construc- 
tion, frequently being in much better position than 
fabrication shops to weld medium and large structures, 
since the processing equipment is the same as that used 
for steel castings. 

The foundry also has a decided advantage, he as- 
serted, in that many weld shops lack proper heat treat- 
ing and pressure blast equipment for stress relieving 
and cleaning the weldments. Without such equipment, 
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special welding electrodes are neces- 
sary, and in many cases the product 
without stress relief is inferior, while 
the foundry can assure its customer 
that all stresses set up by welding are 
relieved through heat treatment. In 
addition, foundries producing medium 
and large work have employees fully 
trained in the problems that would 
arise in pressing and straightening 
such structures, when necessary. 


CITES NOTEWORTHY 
EXAMPLES 
As representative of the trend and 
giving proof of the advisability of 
cast-weld construction for medium 
and large types of structures, Mr. 
Wentzel outlined a number of excel- 
lent examples: 

Need arose for four ponderous strip repeaters, each 
weighing 5000 Ib., and required in the foundry’s own 
engineering work on a foreign order, Fig. 6. Difficult 
and costly to cast in one piece, design was altered to 


Fig. 10 


use two castings and apply the cast-weld principle. 
By redesigning to two castings to be joined by welding 
and eliminating all cores, an over-all saving of approxi- 
mately 25% was effected, Fig. 7. Pattern costs were 
considerably lower, and the absence of core costs com- 
bined to effect an over-all manufacturing cost 10°7 less 
than that estimated by an outside fabricator. 

In another example, an order for eight 6170-lb. roll- 
ing mill pinion housings, frequently made as a single 
casting of similar design, posed the need for new pattern 
equipment. By making the housing as a cast-weld 
unit, a 159% saving was accomplished, Fig. 8. Welding 
two castings to form the required shape necessitated 
only a half pattern and eliminated need for a main body 
core. Pattern cost by this method alone was approxi- 
mately 30°% less than if a full pattern were used for the 
conventional method of production, Fig. 9. 


CONSISTENT COST-REDUCTION 


Comparable savings were made by Birdsboro in con- 
struction of a 600-lb. tripod casting used on coilers for 
rolling mill machinery, supplanting a fairly intricate 
one-piece steel casting with four separate castings, 
Fig. 10. By making this a cast-weldment, core boxes 
were unneeded and pattern costs were materially lower 
than for a full casting. 
and comparison of welding time to coremaking and core 
setting for a full casting proved the advisability of con- 


The amount of weld was small 


version, Fig. 11. 

By redesign in another instance, the company also 
was enabled to compete favorably in construetion of a 
5000-Ib. drive housing, previously considered less ex- 
pensive as a fabrication in which steel castings were 
used only for bearings, Fig. 12. The two sides are now 
made as castings and bottom and end pieces are plate 
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Cast Weld Construction 


Cast-weld design for 600-lb. four-piece tripod casting used on coilers 
for rolling mill machinery 


steel construction welded together. In this case, were 
a 100° casting required, fabrication would be less costly 
due to the necessary large center core. However, 
actual saving with cast-weld construction was about 
32% compared to a full casting, and 5% less than was 
being paid for a complete weldment. 

In another case, that of a high-pressure casting for 
pumping gas, customer cooperation on redesign opened 
the way to incorporating advantages of cast-weld con- 
struction in producing the 19,000-)b. unit, Fig. 13. 
On the front of the massive cylindrical casting forming 
the body of the part, three blades were welded into 


place. The base was also made of a casting and plate 


Fig. 11 Tripod casting after welding 
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Fig. 12) Cast-weld drive housing, illustrating versatility and frequent advan- 
tages of cast-weld method of construction 


Fig. 13 High-pressure casting for pumping gas, redesigned to incorporate 
wast-weld advantages. Front of 19,000-lb. unit shows three cast-steel blades 
welded into place, with base consisting of casting and plate welded to the main 
; casting. Main casting is 3 to 4 in. thick, and base is */, in. thick. 


welded to the main casting. The laiter was 3 to 4 in. 
thick, and the base was */, in. thick. The rear of the 
piece incorporated the drive housing of light plate con- 
struction with a cast bearing welded to the thin plate, 
Fig. 14. 

Other examples of large size cast-weld structures are 
illustrated, Fig. 15 and Fig. 16. 

Summing up the advantages and economies demon- 
strated in the examples and statistical information pre- 
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sented, Mr. Wentzel listed the follow- 
ing conclusions which can definitely 
be drawn with respect to advisability 
of instituting a cast-weld program: 
(1) Lower pattern costs through the 
elimination of core boxes. (2) Lower 
core room costs through the elimina- 
tion of cores. (3) Lower cleaning 
costs through the production of sim- 
plified, better-designed castings. (4) 
Improved dimensional control. (5) 
Satisfactory customer relations by 
impressing desire to produce a bette: 
engineered product. (6) Increased 
production by being in a position to 
compete with fabrication shops in an 
expanding market for properly engi- 
neered weldments, castings and cast- 
weld products. (7) The foundry is 
placed on a more competitive basis 
because of reduced selling price on 
many cast-weld products as compared 
to full casting or full weldment. 


THE KEY: QUALITY AND 
SERVICE 

Maintenance of high quality and 
service standards continue to be 
prime criteria for acquisition of new 
business and retention of the old, R. 
C. Nelson, plant superintendent, 
Pacific Steel Casting Company, em- 
phasized in his paper, “New Busi- 
ness in Steel Castings.”’ Confidence 
built on this basis among customers’ 
engineers and designers has resulted 
in development of valuable new ton- 
nage in engineered conversion work, 
with appreciable added dollar volume 
for Pacific in this category during the 
past year. 

Illustrating the type of develop- 
mental work being done, he described 
steps in conversion as a compact steel 
casting of a kingpin unit formeily 
made as a forging-weldment combi- 
nation, massive in size and requiring 
more than 40 hr. of welding time. In 
producing the steel casting, the center 
was cored out so that a 1'/,-in. metal 
section was obtained, and two 1-in. 
holes about 10 in. down from the top of the casting were 
produced. These holes join the top of the lightener 
core so that during quenching the oil flows inside the 
casting and quench proceeds from both inner and outer 
faces. The casting was oil quenched and drawn to 300— 
330 Brinell after rough machining, with the result that 
a uniform section of high strength equal to strength of 
the more massive forging was obtained. Weight of the 
casting was 850 Ib. compared to 1100 Ib. in the forging. 
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Vig. 14 Rear view of high-pressure pumping unit (Fig. 12) 
and its drive housing of light plate construction, showing 
cast bearing welded to thin plate 


A related example was a converted vertical hub cast- 
ing which in combination with the kingpin part com- 
prises the pivot and control mechanism between the 
power unit and scraper of a heavy-duty self-propelled 
earth moving machine. In the original casting-weld- 
ment combination, welding was at the base of the cast- 
ing which formed an ear assembly, where numerous 
service failures occurred. Conversion corrected the 
problem without increase in cost or weight in construc- 
tion of the 1400-lb. steel casting. 

Redesign similarly solved difficulties encountered in 


producing even flow lines for passage of fluid in a gaso- 


line meter base made as a weldment. Pacific engineers 
also improved on eye appeal of the part in converting 
to cast steel design; and approximately 1000 steel 
castings have been sold as the direct result of the co- 
operative effort. 

Close contact with customer designers likewise re- 


Fig. 16 Another typical example of large-size cast-weld construction, in this case employing steel castings and plate to 


Fig. 15 Typical hearyweight cast-weld structure de- 

veloped by Birdsboro Steel Foundry and Machine Co., 

comprising an unusual combination of separate steel 
castings joined by welding 


form the complete structure 
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sulted in cast steel conversion of insert liners for a 
hydro expanding machine in large diameter pipe. 
Thirty of these 1000-lb. pieces are assembled, 15 top 
and 15 bottom, and subjected in operating service to 
2000 tons expansion pressure in a 24-in. pipe. Mate- 
rial specification called for a 4140 steel which is diffi- 
cult to fabricate and weld, and original fabricated 
structures failed in service. To date more than 100 
steel castings have been made, with no record of fail- 
ure in use. 

Appearance was important in a hydraulic cylinder 
part previously rolled and fabricated in 22 hr. of weld- 
ing time. Decided improvement in eye appeal was 
achieved by conversion to a steel casting, with no in- 
crease in machining, and greater serviceability. Such 
castings new are being produced in several sizes from 
1700 to 5000 Ib. 

Substantial cost reduction was effected through 
similar conversion of a 4-in. auger. Originally made as 
a weldment, the part cost $7.50. Using the same 4140 
steel, the steel casting is produced for about $4.50 each, 
at a saving of 60°%, and 6- and 8-in. auger sizes are now 
being converted to cast steel. 

Concluding the session, William J. Phillips, director 
of the Society’s product development department, 
summed up work of the product development groups on 
a national, divisional and individual basis, emphasized 
accumulative progress to be noted on an increasingly 
impressive scale, and made the provocative suggestion 
that application of brains as well as astute use of foun- 

ry techniques remained the keystone to continuing 
rofitable operations. 


CHART CONTROL—A VALUABLE TOOL 


“Statistical Quality Control Procedures,” as the cor- 

ary of sound and practical product development ac- 

rities and invaluable aid to low-cost, high-quality 

xluction, was the engrossing topic variously treated 
by four speakers in the following half-day session 
headed by M. T. McDonough, melting superintendent, 
National Malleable and Steel Castings Co., Sharon, 
Pa., and F. X. Hohn, assistant works manager and 
chief metallurgist, Scullin Steel Co., St. Louis. 

‘Chart control is a valuable tool of both inspection and 
pfoduction and it must be used by both to be effective, 
agguring sound method for the continuing study of 
eath production operation’s chance of achieving de- 
sifed ends, said C. R. Burdick, superintendent of manu- 
— quality control, Ford Motor Co. Describing 

cessful methods intensively pursued at Ford, he ex- 
plained that the working key of the system is cooper- 
ation stimulated by facts rather than guesswork. 

Chart control, “to take the gamble out of produc- 
tion,” is used in three main kinds of work: machining 
and processing, assembly, and sampling of incoming 
materials, with chart control methods necessarily 
varying for the distinctly different kinds of work. 
While not applicable to foundry operation in all phases, 
among gains he outlined were higher product quality, 
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reduction of waste, “reworks” and rejects, quick identi- 
fication of trouble spots, enhanced control over as- 
sembly operations, greater certainty about materials 
quality, and more efficient planning of inspection. 

These techniques are now being applied on an ex- 
panding scale to foundry practice as a logical means of 
achieving economies in operation and to secure and 
maintain high quality levels, it was reported by H. H. 
Johnson, metallurgist, National Malleable and Steel 
Castings Co., Sharon, Pa. In an exhaustive paper on 
“Statistical Quality Control at Work in the Foundry,” 
he provided an illuminating picture of detailed methods 
used by National Malleable to establish a highly use- 
ful system of controls. 


THREE BASIC TYPES OF CONTROL 


In general, three classes of charts are maintained to 
measure and record various operations in the foundry 
processes: (1) process control charts, (2) production 
measurement charts and (3) per cent defective charts. 

The first group of charts consists of those made 
from the measurements taken during the process it- 
self, such as chemical analyses, sand properties, mold 
hardness, core dimensions, amount of welding rod used 
per coupler, etc. The second class of measurements 
includes those made of the physical properties of the 
steel produced, measuring of casting dimensions, the 
fit of moving parts and similar measurements. ‘The 
third group of charts is regularly maintained to give a 
picture of any defective castings which may be pro- 
duced. All such charts are posted at locations where 
they will receive the most attention from supervision 
concerned with the specific data. 

While it is difficult to evaluate benefits of any one 
set of controls in precise terms of dollars and cents, Mr. 
Johnson said, anything that can be done to inciease 
uniformity of processing, to speed production through 
the shop, to reduce the amount of reheat treatment or 
reworking required, to lower scrap losses and produce 
high quality material will, certainly, be reflected in 
lowered costs of production. Importantly, statistical 
quality control definitely is proving the means to ac- 
complish this manner of saving, he said. 

Describing methods of “Statistical Quality Control 
in the Melting Department,” W. R. Punko, superin- 
tendent of metals, Wehr Steel Co., Milwaukee, said 
that control of the melting department and individual 
melters through application of charts has brought 
about an improved and controlled product consistently 
within the desired chemical ranges, with high physical 
properties. Production has been increased, with re- 
duction in the consumption of electrode and power. 
Refractory life has been increased, with accompanying 
reduction of hours per ton. Without reservation, he 
said, Wehr experience was that “without the charts, 
the graphical pictures, the statistical averages, and the 
objectives that they have given us to shoot for, this 
would not have been accomplished.” 

Foundry process control by statistical methods ac- 
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foundry operations and associated costs. (4) Pro- 
vide means of determining the effects of many vari- 
ables on casting quality. (5) Guide management by 
providing a clear and concise picture of foundry oper- 
ations. (6) Show, probably most importantly, when 
trouble is developing, rather than when it is fully de- 


veloped. 


RESIN AND PLASTIC CORE BINDERS 


Turning to operational problems and developments in 
the fields of molding and coremaking, one full half-day 
was devoted to discussions of resin and plastic core 
binders in sessions at which V. FE. Zang, vice-president 
in charge of research, Uniteast Corp., Toledo, was 
chairman; and Hubert Chappie, foundry superintend- 
ent, The National Supply Co., Torrance, Calif., served 
as assistant chairman. Subjects covered by various 
speakers wete as follows: 

“Evaluation and Application of Phenolic Resin Core 
Binders,” John Rassenfoss, American Steel Foundries, 
East Chicago, Ind.; ‘Evaluation of Resin Core Bind- 
ers,”’ H. A. Ziebell, Crucible Steel Casiing Corp., Mil- 
waukee; “Observations and Experiences When Using 
Phenolic Resin Core Binders,’’ H. W. Meyer, General 
Steel Castings Corp., Granite City, Ill; “The Evalu- 
ation and Practical Use of Liquid and Dry Resin Bind- 
ers,”” William Downey, Burnside Steel Foundry Co., 
Chicago; and “Plastic Bonded Thin Shell Sand Molds,” 
B. N. Ames, Material Laboratory, New York Naval 
Shipyard, Brooklyn. 


FORUM ON WELDING PRACTICE 


Repair welding procedures occupied the attention of 
final sessions of the national conference, at which C. E. 
Silver, works manager, Texas Electric Steel Casting 
Co., Houston, presided, and M. T. MacPherson, plant 
engineer, The Symington-Gould Corp., Depew, N. Y:, 
was assistant chairman. Comprehensive technical 
discussion of techniques and practical foundry experi- 
as in previous discussion of 
the ready weld- 


ence served to emphasize 
advanced cast-weld developments 
ability of cast steel. It was shown that steel castings 
have the same degree of weldability as wrought steel 
of similar chemical composition, and may be readily 
welded together or welded to steel plate, tubes, forg- 
ings or stampings to produce composite units. This 
flexibility, it was pointed out, in certain applications 
permits the use of the best features of both casting and 
welding. 

Subjects covered by the following speakers were: 
“Procedures for Repair Welding,” R. D. Williams, 
Battelle Memorial Institute, Columbus, Ohio; “‘Con- 
trolled Repair Welding on Sieel Castings,” R. C. Heas- 
lett, Continental Foundry & Machine Co., Coraopolis, 
Pa.; ‘The Semi-Automatic Weld Repair of Steel Cast- 
ings,’ Sidney Low, The Chapman Valve Mfg. Co., 
Indian Orchard, Mass.; “Casting Repair by Sub- 
merged Are Welding,” T. W. Berquist, United Engi- 
neering and Foundry Co., New Castle, Pa.; and “Sub- 


merged Are Welding Applied to Steel Casting Repair,” 
A. E. Blake, General Electric Co., Everett, Mass. 


Airplanes, Fuel Tanks. Production Development ot Jettison- 
able Fuel Tank, A. H. Petersen. Automotive Industries, vol 
104, no, 2 (Jan. 15, 1951), pp. 44, 108, 110, 112 

Aluminum and Aluminum Alloys, Joints. Some Factors in 
Design of Aluminium Assemblies, J. C. Bailey. Sheet Metal 
Industries, vol. 28, no. 285 (Jan. 1951), pp. 25-34; (discussion), 
no. 286 (Feb.), pp. 147-151. 

Are Welding. Brown Boveri Revy., vol. 37, no. 7 (July 1950), 
pp. 227-264. 

Automobile Manufacture. 
ing “Henry J” Car Bodies, H. R. Smith. 
57, no. 6 (Feb. 1951), pp. 167-173 

Automobile Manufacture. Welded Narrow Steel Sheets Used 
for Wide Stampings, K. Rose. Matls. & Methods, vol. 33, no. | 
(Jan. 1951), pp. 83-84. 

Automobile Manufacture. 
Increases Production, H. Chase 
1, 1951), pp. 114-117. 

Bellows Production at Solar Aircraft Company, E. H. Ziebold. 
Western Machy. & Steel World, vol. 42, no. 1 (Jan. 1951), pp 
72-74. 

Brazing. Are You Brazing Aluminum? G. Terbeek. 
try & Welding, vol. 24, no. 1 (Jan. 1951), pp. 36-39 

Brazing in Salt Baths Offers Production Economies, J. B 
Campbell. Matls. & Methods, vol. 33, no. 1 (Jan. 1951), pp. 
64-6. 

Brazing. Prepared Pastes for Brazing Material, L. G. Klinker. 
Metal Progress, vol. 59, no. 1 (Jan. 1951), pp. 71-73. 

Bridge Collapse in Quebec Charged to Brittle Steel, F. 8 


Cost-Cutting Methods of Produc- 
Machy. (N. Y.), vol 


Welding Replaces Soldering and 
Iron Age, vol. 167, no. 9 (Mar 


Indus- 


Merritt. Eng. News-Rec., vol. 146, no. 6 (Feb. 8, 1951), pp 
23-24 

Buildings. Welding in Building Construction, R. E. Me- 
Millan. Australasian Engr., vol. 44 (Dee. 1950), pp. 73-80. 
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Castings, Repair. Salvaging Castings by Welding of Defects, 
G. E. Bellew. Can. Metals, vol. 14, no. 1 (Jan. 1951), pp. 23-26, 


Electric Heating, High Frequency. Some Experiences with 
Induction Heat Treatment, F. P. Heard. Australasian Engr., 
vol. 44 (Dee. 1950), pp. 85-89 

Industrial Plants, Welded Steel. Rigid Frame Span Building 
in Durban, M. 8. Zakrzewski. Civ. Engrs. Rev. (Dec. 1950), 
pp. 387-392. 

Iron Castings. 
Batty. Australasian Eng., vol. 44 (Dee 
(discussion), pp. 72-73. 

Lathes, Manufacture. 
tion Tool, G. H. Silver 
1951), pp. 187-189 

Light Metals. Welding ot Aluminium Alloys, Particularly for 
Structural Application, W. K Marshall. Inst. Welding 
Trans., vol. 13, no. 6 (Dee. 1950), pp. 178-185. 

Machine Shops, Electric Power. Why Waste Watts? W. M. 
Stocker, Jr. Am. Mach., vol. 95, no. 1 (Jan. 8, 1951), pp. 103 
106 

Natural Gas Pipe Lines, Texas-New York. Automatic 
Welder Zips Up Transcontinental Pipeline Sections. Construc- 
tion Methods & Equipment, vol. 32, no. 12 (Dee. 1950), pp. 44-49. 

Petroleum Pipe Lines. Nine Spreads Finish Canada-U. 8 
Pipeline, E. T. Nesbit. Excavating Engr., vol. 44, no. 12 (Dee. 
1950), pp. 18-19, 32 

Petroleum Pipe Lines. Welding Finnart Pipeline 
World, vol. 128, no. 3337 (Dec. 29, 1950), pp. 605-606 

Pipe Lines. Code for Pressure Piping. Am. Standards Assn. 

American Standard B31.1—1951. Publisher: Am. Soc. Mech. 


Welding in Relation to Castings, A. T. 
1950), pp. 69-72; 


Flame-Hardening as Versatile Produe- 
Machy. (N. Y.), vol. 57, no. 6 (Feb. 
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ressure Vessel Design Effects of Pressurizing 


® Testing thin-wall pressure vessels at a test pressure in 
excess of the working pressure reshapes heads and areas around 
opening and is in the nature of a stress relieving operation 


by R. E. Cecil 


INTRODUCTION 


HE word “design” is necessarily of a somewhat all- 

inclusive nature. A preliminary design may be 

modified by the expected service—the properties of 

the material to be employed—the methods and 
equipment available for manufacture and also the type 
of proof tests—both before, or during, fabrication and 
after completion of the vessel. 

There is a wealth of printed information available to 
the designer; however, for present purposes only a 
somewhat elementary or fundamental conception of the 
forces at play in the walls of a pressure vessel will be 
discussed. For several vears some unexpected phenom- 
ena were observed in connection with research studies 
and routine testing on low pressure thin-wall pressure 

vessels and about a year ago a possible explanation 
seemed to appear when more active research was in- 
stituted. 

lt became apparent that positive plastic deforma- 
tion or yielding was actually occurring in the side walls 

’ and particularly the heads of well-designed thin-wall 
pressure vessels at locations well removed from seams, 
joints, reinforced openings or other obvious stress 

' raisers, at pressures well below the test pressure and in 
some locations at or below the service pressure. The 
vessels fully comply with the design requirements of the 

S.M.E. Code for Unfired Pressure Vessels and the 
Interstate Commerce Commission specifications for 
LOW-PRESSURE containers for the shipment of com- 
“pressed gases. 

It is to be emphasized that there is no question of 
‘safety involved in this discussion, as the huge number 
of vessels in use have proved safe over many years of 
service. 

This study refers primarily to so-called low-pressure 
thin-wall vessels—defined in 1.C.C. Specifications as 
having a service pressure of less than 900 psi. Such 
vessels if made of steel similar to A.S.T.M. A70 or A285 
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are designed for a maximum wall stress of 24,000 psi., 
if seamless, when subjected to the test pressure of twice 
the allowable service pressure. If one of the permissible 
steels is used having a minimum tensile strength of 
70,000 psi., a wall stress of 35,000 psi. at test pressure is 
permitted. It is to be noted that the effects described 
will apply to pressure vessels generally, regardless of 
parent code or specification. The vessels examined had 
wall thicknesses varying from about 0.100 to 0.275 in. 
and diameters approximately 12 to 30 in. 

The required test pressure is twice the working or 
service pressure P for I.C.C. containers, and one and 
one-half for A.S.M.E. tanks. For LC.C. containers, 
means are employed to accurately measure in cubic 
centimeters the total volumetric expansion of the ves- 
sels, elastic plus plastic, while at the test pressure of 2P, 
and also the permanent plastic expansion, if any, when 
the pressure is returned to zero. This will be referred to 
as the “jacket test.” The maximum permanent (plas- 
tic) expansion permitted is 10% of the total expansion. 
A.S.M.E. tanks are not tested in a water jacket but are 
hammered while at the test pressure of 1'/: P; this 
hammering is believed by many to more than com- 
pensate for the lower test pressure. 

The jacket test is considered by the manufacturers 
and users of LC.C. high pressure containers to have 
abundantly proved its worth. 
service pressure of 900 psi. or over and are of relatively 
small diameter and thick walls, with heads or bottoms 
that should have no plastic yield at test pressure. 


These vessels have a 


FUNDAMENTAL CONSIDERATIONS 


It is often helpful to have in mind some basic ideal 
or standards for comparison when approaching a prob- 
lem. When we consider the physical forces involved 
and the behavior or movement of the materials in the 
walls of a vessel subjected to internal fluid pressure we 
are immediately confronted with the fundamental and 
inescapable fact that there are only two perfect shapes. 
One is a sphere, truly circular on any axis, with walls of 
uniform thickness and having uniform strength and 
ductility in every direction, without any opening and 
also unsupported in gravitationless space. The other is 
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a perfect cylinder of infinite length having walls of uni- 
form strength and thickness and likewise without open- 
ings and unsupported in gravitationless space. 

A second fundamental thought is: Any fluid pressure, 
however slight, introduced into any closed pressure 
vessel, for example, a cylinder of finite length with two 
flat or dished heads, will cause that vessel to commence 
to assume a spherical shape. Likewise, if the walls of 
the vessel are strong enough and ductile enough and 
sufficient internal pressure is applied the vessel will as- 
A sphere encom- 


sume a substantially spherical shape. 
“4 passes a greater volume than any other shape having 
likewise a circle will encom- 


equal interior surface are: 
pass a greater area than any other shape having the 


- same perimeter. 

The ordinary plain, thin-wall pressure vessel, com- 
prising a cylindrical shell and two dished heads and sub- 
jected to an internal fluid pressure, is actually an un- 
stable structure having a complicated stress pattern 
varying from a relatively pure hoop stress plus a longi- 
tudinal stress of one-half the hoop stress at the center of 
the shell, to a more complicated set of hoop, longi- 
tudinal, bending and cross stresses nearer an end of the 
shell and continuing over and around the head. 

Our formulas for THIN-wall vessel design, do, in 
effect, assume average stress through the thickness 
of the wall, and long time experience has shown the 
formulas to be reasonably satisfactory and their use 
does result in vessels of safe construction. The heads, 
however, and the adjacent portion of the shell do re- 
shape themselves to a stronger shape, when subjected 
to internal fluid pressure, however slight—that is, they 
tend to assume a spherical shape. If the pressure is of 
sufficient magnitude there will be some permanent 
plastic yielding which indicates stress beyond the yield 
point, on ONE SURFACE OR THE OTHER, perhaps 
tension on one side and compression on the other, how- 
ever the average stress through the thickness of the wall 
may be, and usually is, far below the yield point of the 
material, as determined by a standard test specimen. 
This applies particularly to heads other than hemispheri- 
cal and to shells even slightly ‘‘out of round.” 

Let us examine Fig. 1. This is an unusual photo- 
graph of the interior of an elliptical head in a 30-in. 
diameter cylindrical vessel which had been tested to 
failure (in the shell) some hours previous to photograph- 
ing. Every little line is significant and means there has 
been a stress at right angles to each little crack in the 
brittle blue oxide coating. The actual stresses at any 
given point are difficult to evaluate—at a single point 
they may be caused by combined tension, compression, 

bending or even some cross stress produced by the move- 
ment of material some distance from the point in ques- 
tion. Stated otherwise, the deformation of wall ma- 
terial at any given point will be the result of the alge- 
braic or the vectorial sum of the forces existing at that 


point. 
Now consider the reshaping, caused by internal pres- 
sure, of a narrow strip of this 30-in. head extending from 
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Figure 1 


the tangent point or flange on one side over the crown 
to a corresponding point on the other side. See Fig. 1-A. 
The average radius of the elliptical head near the center 
of the crown is several times greater than the average 
radius at the shoulders and both differ from the radius 
of the vessel. When internal pressure is applied the en- 
tire head and the adjacent portion of the shell commence 
to assume “‘as a unit” a more nearly spherical shape, 
that is the mean radius at the crown of the head be- 
comes shorter and the mean radius at the shoulders be- 
comes longer. Now, considering only the bending 
stresses on this narrow strip, the bending stress on the 
INSIDE SURFACE at the crown will be COMPRES- 
SIVE and on the OUTSIDE SURFACE tensile, which 
necessitates a zone of no stress somewhere bet weeh the 
surfaces. However, over the shoulder or knuckle area 
nearer the transverse or major axis these stresses will be 
reversed, with tensile inside and compressive outside, 
and a transition zone between the crown and knuckle 
area as shown clearly in the photograph of Fig. 1. This 
is, of course, an oversimplification as these stresses are 


modified by other stresses; there is a sizable stress re- 
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straining the head from separating from the cylindrical 
shell and from portions of itself. There are hoop stresses 
of very considerable magnitude over the knuckle area 
together with other bending stresses inseparably con- 
nected with any change in shape. Stresses on the inside 
and the outside surfaces are often of the same sign but 
of very different magnitude. 

The stress-strain patterns are not simple, as indicated 
by Fig. 1. It is to be noted that all permanent strains 
produced by internal pressure have the effect of IN- 
CREASING THE VOLUME OF A VESSEL and also, 
short of the general yielding pressure of the vessel, have 
the beneficial effect of stress relieving the critical loca- 
tions such as arcund openings or other discontinuities, 
and also heads that are not of spherical shape, thereby 
minimizing the likelihood of fatigue failure in service. 

It was quite a while before the evidence could be ac- 
cepted that correctly shaped elliptical heads which have 
unquestionably proved safe in long service may actually 
commence to measurably reshape themselves by per- 
manent plastic deformation or bending at pressures near 
or below the service pressure, which corresponds to an 
AVERAGE calculated stress of less than one-half the 
yield stress as determined by a standard test specimen, 
cut from the material. This also signifies the volume of 
the head is permanently increased and which thereby 
nullifies, to some extent, the significance attributed to 
the jacket test on LOW-pressure containers. Elliptical 
heads of equal thickness have always been considered 
to be stronger than the shell, as, aside from some defect, 
such vessels if properly designed almost never fail in the 
head material, unless there is a defect, but by rupturing 
in the shell. The mysterious plastic yielding of appar- 
ently perfectly shaped elliptical heads at less than test 
pressure was, at first, attributed to almost any plausible 
reason, such as varying thickness of material over the 
diameter of the head blank or variation of strength of 
material in direction of rolling versus at right angles 


| thereto. Fantastic precautions were taken at first to in- 
_ sure absolute alignment of head and shell axes for con- 
tainers with inserted heads. (Misalignment of heads, 
_ however, had to be ruled out because test results were 
' similar for seamless containers with shell and head in one 
piece and in perfect alignment.) When it became 
‘evident that deformation of the heads must be con- 
‘sidered separately frem the shell the “Jacket Test Fix- 
‘ture for Head Expansion Only” was conceived and 
built. See Figs. 2 and 2-A. 
. 
» A eylindrical shell, somewhat out of round, may also 
» considered an ellipse and when internal pressure is 
‘applied the stresses on the outside and the inside of the 
wall at the major axis will be compressive and tensile, 
respectively, and reversed at the minor axis, or if of the 
same sign will be greater on one side than the other. 
As the shell becomes more nearly cylindrical and the 
volume increases with increased pressure, some ‘per- 
manent set may be expected at the service or test pres- 
sure. 
A further study of the areas which have been stressed 
on one surface or the other by bending the material be- 
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Figure 2 


yond its yield point at or below the test pressure, also 
indicates the stress at these same areas will be less than 
the average stress nearby when the vessel is subse- 
quently subjected to the working pressure. In other 
words, these dangerous surface areas have, in a sense, 
been stress relieved and have become the safer areas. 
This beneficial stress relieving by pressure, well in ex- 
cess of the working pressure, is particularly desirable 
around openings and other unstable shapes or areas. 
Stresses of different degree or of opposite sign on op- 
posite sides of the wall at a given spot may not indicate a 
hazardous condition for thin-wall vessels fabricated 
from material of even moderate ductility. This is well 
illustrated by an ordinary plain cylindrical tank shell 
formed from a thin flat plate in bending rolls (the way 
most tank shells are formed). The only reason it re- 


Figure 2-A 
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mains cylindrical is that the inner or outer surface, 
usually both, have been stressed substantially beyond 
the yield point and have deformed plastically, usually 
by tension on the outside surface and compression on 
the inside, with a neutral zone at zero stress somewhere 
between—depending upon the relative strength of the 
material in tension and compression. 

Accepted codes have always permitted design, with- 
out reduction of allowable working stress, of THIN-wall 
tank or boiler shells of a ductile steel or material, cold- 
formed on ordinary bending rolls. Test specimens cut 
from a flat plate, and similar specimens cut from a 
shell after forming from the same plate, show com- 
Long-time service experience confirms 
Ordinary 


parable results. 
this judgment of the code writing bodies. 
localized yielding of the surface material of thin-wall 
vessels at and around openings in the vessel or over the 
surface of an elliptical head or shell, at the test pressure, 
does not usually indicate a hazardous condition. 


EMPIRICAL CONSIDERATIONS 


Latest studies have included four different means for 
simultaneously evaluating the effects of applying in- 
ternal pressure to a vessel. First, visual Stresscoat, a 
brittle lacquer revealing strain by cracking which, if 
calibrated, may indicate approximate magnitude of the 
strain (and stress). Second, SR-4 strain gages, from the 
readings of which the value of the corresponding SUR- 
FACE stress may be calculated or the amount of per- 
manent surface deformation. Third, volumetric meas- 
urements, usually in terms of cubic centimeters, by 
measuring the volume of fluid pumped into the vessel, or 
by measuring displaced liquid from an outer jacket. 
Fourth, dial indicators for directly measuring surface 
movement in a generally radial direction. Any per- 
manent set or plastic deformation induced by internal 
pressure will result in a permanent increased volu- 
metric capacity of the vessel. 

A perfectly formed shell of a thin-wall vessel, con- 
sidered by itself, is inherently a stable shape (a circle). 
The heads, however, of low-pressure, thin-wall vessels 
and a portion of the adjacent shell (also areas around 
openings and other discontinuities) are inherently un- 
stable and do in practice reshape themselves when the 
vessel is subjected to internal fluid pressure. If the 
pressure is sufficiently high—equal to the usual design 
working pressure or the test pressure 
deformation with an increase in volume may be ex- 


some permanent 


pected. 

It is to be noted that the strain on the outer surface 
of a '/,-in. plate, cold-formed on bending rolls to a 20-in. 
diameter shell, is very much more severe than the strain 
on the surface at the center of the crown of a '/; x 20-in. 
diameter, 2 to 1 elliptical head in the same vessel caused 
by the head reshaping itself when subjected to the test 
or working pressure. 

The stresses indicated by Stresscoat and SR-4 gages 
are surface stresses only and DO NOT indicate average 


stress through the metal. Longtime experience with 
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thin-wall vessels indicates that the conditions described 
are not hazardous conditions for vessels designed in 
compliance with currently accepted codes and speci- 
fications. 

The results of the volumetric expansion test on LOW 
PRESSURE CONTAINERS and tanks do consistently 
indicate a permanently increased volume which is ex- 
plained by the reshaping of the unstable portions of the 
vessel to a stronger shape and which oecurs far below 
the general yield point of the material in the vessel walls, 
and sometimes at the service pressure. 

These studies indicate that subjecting thin-wall ves- 
sels to a pressure of twice or one and one-half times the 
service or working pressure has a highly beneficial 
stress-relieving effect at previously highly stressed loca- 
tions around openings or at other discontinuities, also 
that these highly stressed locations do yield plastically 
so that when the vessel is in use at the service pressure 
the surface stresses at these points are actually less than 
the average stress nearby. It is felt that this testing 
at a pressure well above the service or working pressure 
is responsible for the practical elimination of failures by 
fatigue after thin-wall vessels are placed in service. 


EVALUATION OF TEST REQUIREMENTS 


The Interstate Commerce Commission Specifications 
refer to HIGH-pressure containers as having a MINI- 
MUM service pressure of 900 psi., and requiring a 
minimum test pressure of five-thirds of the service 
There are no formulas or rules, or allowable 


the con- 


pressure. 
stresses, for determining the wall thickness; 
tainers must successfully pass the jacket test require- 
ments. However, there are the usual provisions, con- 
cerning inspection, material, testing of material, con- 
struction, testing the finished container, marking and 
reporting. 

The I.C.C. provisions for testing a completed con- 
tainer read (900 psi. or over): 

“13. (a) Hydrostatic Test: 
other suitable method, operated so as to obtain accurate 
Pressure gauge must permit reading to accuracy 


by water jacket or 


data. 
of 1%. 
expansion to accuracy either of 1% or 0.1 cubic centi- 


Expansion gauge must permit reading of total 


meter. 

“(b) Pressure must be maintained for 30 seconds 
and sufficiently longer to insure complete expansion. 
Any internal pressure applied after heat treatment and 
previous to the official test must not exceed 90% of the 
test pressure nor be within 100 pounds thereof. 

“(e) Permanent volumetric expansion must not ex- 
ceed 10% of total volumetric expansion at test pres- 
sure. 

“*(d) 
times service pressure. 

The requirements for low-pressure 4B type of con- 


Each container must be tested to at least 5/3 


” 


tainers now reads: . 
“13. (d) Containers must be tested as follows: 
“Ist. Each container; 
pressure. 


to at least 2 times service 


Table T-1 


Heads 


Shell only 


Maximum 


Heads plus shell 


Total Perm. P Total Perm. Total Perm Perm allowed 
Cyl. exp., exp. exp., Exp., exp., exp., exp expansion, 

T ype No. ce. ce of Length ee. ce. of ee. ce. of 10% 
4B Al 10 2 20 1 5 0 0 15 2 13.3 Reject 
1B A2 10 2 20 2 10 0 0 20 2 10 Accept 
iB AS 10 2 20 4 20 0 0 30 2 6.66 Accept 
4B A4 10 2 20 100 500 0 0 510 2 0.35 Accept 
4B Bl 10 p 20 1 5 0.25 5 15 2.25 15 Reject 
1B B2 10 2 20 2 10 0.50 5 20 2.50 12.5 Reject 
iB B3 10 2 20 4 20 1.00 5 30 3.0 10.0 Accept 
4B B4 10 2 20 100 500 25.00 5 510 35.0 6.86 Accept 
3A Cl 10 0 0 l 5 0.25 5 15 0.25 1.66 Accept 
3A C2 10 0 0 2 10 0.50 5 20 0.50 2.5 Accept 
$A C 10 0 0 4 20 1.0 5 30 1.00 3.33 Accept 
3A C4 10 0 0 100 500 25.0 5 510 25.00 4.9 Accept 
$A C5 10 2 20 1 5 0.25 5 15 2.25 15 Reject 
3A C6 10 2 20 2 10 0.50 5 20 2.5 12.5 Reject 
3A C7 10 2 20 3 15 0.75 5 25 2.75 11.00 Reject 
3A C8 10 2 20 4 20 1.0 5 30 3 10.0 Accept 
3A cy 10 2 20 5 25 1.25 5 35 3.25 9.3 Accept 
“2nd. Or, 1 container out of each lot of 200 or less; The low-pressure containers, of which the 4B type is 


to at least 3 times the service pressure. Others must be 
examined under pressure of 2 times service pressure and 
show no defect.” 

It would appear that ICC3A type of high-pressure 
containers should have rigid or strong heads and bot- 
toms so that ALL plastic deformation at test pressure 
is confined to the side walls. Any plastic deformation 
occurring in the heads or bottoms may vitiate or nul- 
lify the true value of the jacket test, particularly if the 
data from the first expansion test is used periodically, in 
the future, to evaluate deterioration or loss of thick- 
ness in the side wall due to corrosion or service condi- 
tions, or to determine when to retire the container from 
service. 

Should the plastic deformation in the heads of either 
type of vessel exceed the 10°% limit the JACKET TEST 
will have the anomalous effect of rejecting all vessels up 
to a certain shell length and accepting vessels, other- 
wise identical, in excess of that shell length provided the 
plastic permanent expansion in the shell is less than 
10°, of the total shell expansion (elastic plus plastic). 

This is evident from a study of the hypothetical test 
results of the 3A containers C5 to C9 in Table T-1. 
Containers C1 to C4 have strong or rigid heads with no 
permanent expansion at test pressure, and all are ac- 
cepted. Containers C5 to C9 have weaker heads with 
permanent expansion of 2 ce. or 20%. However, 
containers C5, C6 and C7, with shell lengths of 1, 2 and 


3, are rejected by the jacket test while containers C8 


and C9 with shell length of 4 and 5 (or longer) are ac- 


cepted. The containers are all practically identical so 
far as suitability for service or relative safety is con- 
cerned. However, the original expansion test results of 
containers C5 to C9 cannot be used in the future to 
directly evaluate, with certainty, deterioration in the 
side walls of the container. Future test results of con- 
tainers C1 to C4, having no permanent expansion in the 
heads, are on a sound basis for determining side-wall de- 
terioration and when a container should be retired from 
service. 
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typical, may all be expected to have heads which do 
permanently plastically deform at and considerably 
below the test pressure. Containers Al to A4 have no 
permanent expansion in the shell but 2 ec. expansion in 
the heads, container Al is rejected and containers A2 
and longer accepted. Containers Bl to B4 have ex- 
pansion of 2 ec. in the heads and 0.25 ce. to 25 ce. in the 
shell, varying directly as the shell length, as will be 
noted. Containers Bl and B2 are rejected and all 
longer containers accepted. 

The magnitude of the expansions shown in Table T-1 
are not typical for L.C.C. containers, this table is in- 
tended only to illustrate the principle. Table T-2 
shows values which are more representative of a popular 
size of 4BA container, after the permissible preliminary 
rounding-out pressure of 432 psi. equal to 90°% of test 
pressure of 480 psi. 

Diameter—D14!/2 in. Length 3D. Service pressure 
240 psi. Test pressure 480 psi. Heads elliptical 1°/; 
to 1. Material 70,000 psi. tensile strength, minimum. 
Wall thickness about 0.10 in. 


Table T-2 
Total Perm. Perm. 
exrp., erp exp 
ee. ce. % 
Entire vessel 300 15 5 =Accept 
Two heads only 43.8 9.6 21.8 
Shell only 256.2 5.4 2.1 


If the shell of this cylinder (Table T-2) were approxi- 
mately one-fourth as long, the cylinder would be re- 
jected although it might be considered the safer as con- 
taining less stored energy. See Table T-3. 

It is to be noted that I.C.C. containers having a serv- 
ice pressure of less than 900 psi. as represented by the 
4B series and tanks constructed in accordance with the 
requirements of Section VIII of the American Society of 
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Table T-3 


Tota Perm Perm 
erp., exp., exp 
ce ee 
Two heads only 1308 9 6 21.8 
Shell only ('/, of 
256.2 64.05 1.35 3.1 
Entire vessel 107.85 10.95 10.2 Reject 


Mechanical Engineers, Boiler Construction Code’ for 
Unfired Brazed Con- 
struction 
ing. If the vessels are to be transported by public 


Pressure Vessels--Seamless or 


are substantially identical except for stamp- 


carrier they are stamped in accordance with I.C.C. re- 
quirements and if for stationary service in accordance 
with A.S.M.E. requirements. 

These particular vessels have relatively large diam- 
eters with somewhat flexible thin walls and usually 
slightly out of round, even the seamless drawn type 
The ratio of wall thickness to diameter of a 3A type of 
container may be between 1 to 15 and 1 to 25 while the 
same ratio for the 4B container in Table T-2 or T-3 may 
be 1 to 135 and 1 to 180. 

Perhaps it would be well to 
prompted all of this work and study. 
fessed that it had been troublesome to make 4B con- 
tainers meet the jacket test, and apparently it was not 
until recently that the real cause has been brought to 
light. 

As mentioned previously the jacket test requirements 


review just what 


It must be con- 


provide for a preliminary rounding out pressure of 90°; 
of test pressure but not “‘within 100 pounds thereof.”’ 
This is all right for high-pressure 3A type containers of 
say 2000 psi. service pressure and 3333 psi. test pressure 
Ninety per cent of 3333 is 3000 or 300 Ib. less than test 
pressure, therefore the 100-lb. limitation does not ap- 
ply. 

The 4B container, for example 240 Ib. service pres- 
sure and 480 Ib. test pressure, presented an entirely dif- 
ferent picture. For example, 90° of 480 is 432 but 480 
less the 100 Ib. is only 380 and the 4B type of container 
simply would not consistently pass the jacket test. 
The 380 Ib. pressure would not consistently “round out”’ 
the containers sufficiently to pass the test. This condi- 
tion existed from before World War IT until a few vears 


ago, when the 100-lb. limitation was removed from the 
4B type of container specifications, leaving only the 
90% clause. It is not clear just how the various manu- 
facturers of low-pressure containers overcame this, but 
one manufacturer simply applied a hydraulic pressure 
somewhat less than the 100-lb. limitation would permit, 
then thoroughly hammered the containers in accordance 
with the A.S.M.E. requirements. This was all that was 
required to stress relieve and reshape the unstable 
areas, when they met the jacket test requirements. 
Incidentally, this occurrence opened the eyes of the 
author to the wonderfully beneficial stabilizing stress- 
relieving effect of the hammer test on thin-wall vessels 
and he has been an ardent disciple of Sam Miller ever 
since. 

A Specifications Revision Committee was appointed 
several years ago to review I.C.C. specifications and 
bring them up to date where necessary. On first an- 
alysis it was generally felt that plastic deformation 
should FIRST OCCUR IN THE SIDE WALL if the 
jacket test is to serve its full purpose for evaluating 
containers during their service life. Such a rule, how- 
ever, could not be made effective unless or until means 
were available for determining separately the elastic 
and plastie expansion of either the shell or the heads. 

The “Jacket Test Fixture for Head Expansion Only” 
Use of this fixture was found to pro- 
(See Table T-5.) 


was soon devised. 
duce consistent, reproducible results 
Even then it was months before our minds could ac 
cept the evidence-that properly shaped 1*/; to 1 
elliptical heads, for example, were practically deform- 
ing-reshaping at pressures near the service pressure. 
It was known positively from long and abundant ex- 
stronger”’ 


perience that even 2 to 1 elliptical heads were 
than the shells. Vessels tested to destruction always 
failed in the shell. The 1? 
in these studies, is stronger than the 2 to 1 of same 


, to 1 elliptical shape, used 


thickness and diameter 

The evidence is considered to be conclusive that the 
shell and heads of properly designed low-pressure, thin- 
wall vessels do commence to plastically readjust or re- 
shape themselves at pressures from approximately the 
working pressure to the test pressure. The materials 
used and the vessel designs were in accord with the re- 
quirements of the A.S.M.E. Code for Unfired Pressure 
Vessels and/or the I.C.C. Specifications for 4B type of 


containers. 


Total 
erp., 

Container No Pressure ce 
3 LCC. 180 292 
$1.C.C 180 280 
6 L.C.C 180 288 
6 LC.C 180 270 
7 I.C.C 480 282 
9 AS.M.E 360 190 
10 A.S.M.E. 360 180 
11 A.S.M.E. 360 180 
12 A.S.M.E 360 186 
13 A.S.M.I 360 200 


Table T-4 


After Increase 


hammering due to 
exrp., hammering, 
ce. ce Increase, % 
310 Is 6.2 
304 24 8.6 
300 12 4.2 
285 15 5.6 
204 12 4.3 (5.8 av 
207 17 9.0 
196 16 8.9 
198 18 10.0 
208 22 11.8 
218 18 9.0 (9.7 av.) 
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Practical field experience with large numbers of ves- 
sels, covering a period of some thirty-five years, indi- 
cates that 1.C.C. low-pressure containers and similar 
A.S.M.E. tanks have proved safe in service; the acci- 
dent record is most excellent 

Probably the most severe service conditions encoun- 
tered in the thin-wall, pressure-vessel field is represented 
by the A.S.M.E. air tanks for garage and filling station 
service. The number of them in service is huge (some- 
times three or four of them at a crossroads). They have 
thin walls and usually legs or feet welded on one side, 
for horizontal tanks, or on bottom head for vertical in- 
stallation, with a channel type platform welded to the 
top side, or head if vertical. An air compressor and an 
electric motor, maybe up to 5 hp. or more, sometimes a 
gasoline engine, are mounted on the platform. There- 
after the vessel starts out on a lifetime of vibration. 
Sometimes severe, usually not so severe, but always 
vibration, which does not seem to affect the tank. 

It is felt that the excellent service record of these 
tanks is due in considerable degree to the required 
A.S.M.E. Hammer Test at test pressure. This stress 


relieves the highly stressed areas around openings or at- 
tachments, and at other discontinuities. 

Table T-4 shows the increase in volume, caused by 
hammering only, at 480 and 360 Ib. test pressure, con- 
tainers similar to the container represented by Table 
T-2. These containers had a preliminary 35 -lb. air test 
for tightness. 

Containers 3 to 7 were held at 480 psi. which is twice 
the service pressure and after noting the amount of ex- 
pansion were hammered on the side wall from one head 
to the other but not on the heads. The total increased 
volume is noted. The difference is the increase in 
volume due to the effect of hammering. The percentage 
of increased volume due to hammering is also noted, and 
the average per cent for the two lots. 

Containers 9 to 13 were held at 360 psi. while ham- 
mering which is one and one-half times the working 
pressure, and expansions likewise noted as shown in the 
table. 

It will be noted by comparison with the container in 
Table T-2, which is exactly the same type, that the in- 
creased volumetric expansion is probably about two- 


Table T-5—Head Jacket Test Data 


—————Container No. 1— 
Total Total 
exp., Perm. 
Test at test eap. 
press., pressure, Diff., after test, 
pst. ce. ee. ce. 
5O 16 
0 
6 


2 
2 
2 
2.3 
2 
2 
2 


450 20.0 


480 21.9 
Required test pressure 


Pressurized to 700 psi. before test, 

Container No. 2 
Total Total 
exp. exp. 

at test permanent 
pressure, Diff., after test, 
cc ce. ce. 


15 
3.1 
19 


Over-all length after test = 45.00 in. 
Over-all length before test = 44.88 in. Difference 0.12 in. 
Head rise center of weld to top of head after test = 4.89 in. 
Head rise center of weld to top of head before test = 4.83 in. 
Difference 0.06 X 2 heads = 0.12 in. 
Capacity of Containers: 
239 Ib. water—6615 cu. in.— 108,400 ec. 
2 heads—912 cu. in.—14,944 ce. 
Shell—5708 cu. in.—93,456 ce. 

Max. hoop stress in shell at test pressure of 480 psi. 
Min. tensile strength of wall material 
Service (working) pressure 
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eg 
Test 

press., 

nef % psi. 

> 0 50 0 
1.6 

 &§ 2.8 100 0 

1.8 

150 5.6 03 54 150 0 

hi 200 7.8 07 9.0 200 67 0 
1.8 

ee 250 10.1 11 11.0 250 8.5 0 
1.8 
. ; 300 12.5 15 12.0 300 10.3 0 
18 

350 49 21 14.0 350 12.1 0 

1.8 

400 17.3 28 16.2 400 13.9 0 
3.8 19.0 150 15.7 0 
1.1 

550 26.5 6.8 25.6 550 19.2 0 

2.0 
600 30.5 04 30.9 600 212 0 

q 7 2.0 
64S 37.5 47 39.25 650 23.2 +2 
15.5 +39 
a 720 53.0 30.0 56.6 700 25.4 5 
720 26.8 1.6 
” 648 22.9 0 750 29.8 3.2 
~ 

35,000 psi. 

70,000 psi. 

240 psi. 


thirds in the heads and one-third in the shells. A com- 
parison of the average percentage of expansion for each 
of the lots is illuminating, this shows average increased 
expansion of 5.8% for containers tested at 480 psi. and 
9.7% for containers tested at 360 psi. It might appear 
that the figures are reversed; however, the pattern 
shown is to be expected (particularly after one has found 
out it is true). The containers are all identical but those 
pressurized at 480 psi. were already more nearly 
“rounded out,” circular or spherical, when hammering 
commenced, than those pressurized at only 360 psi. and 
which have more room for expansion. Other and more 
extended tests have also shown that the average per- 
centage of expansion due to hammering diminishes as 
any previous pressure increases. 

An important result seemed to emerge during the 
long series of tests before it became clear that even 
elliptical heads do and ought to deform, and that was: 
any hammering ANYWHERE on a vessel tends to re- 
shape (stress relieve) unstable areas in any location, 
such as around a boss or the heads. Using a Head 
Jacket Fixture as the measuring instrument and pre- 
viously unpressurized containers, it was found that 
hammering on the side wall anywhere, even on the op- 
posite end, resulted in a permanent increase in volume 
of the head being tested, and of course the other head 
also. 

It is to be especially noted that this increased volume 
due to hammering is not due so much to any general 
yielding of the vessel wall—or STRETCHING—but it 
is largely caused by additional yielding or more prop- 
erly reshaping by bending at the more highly stressed 
discontinuities, such as openings, attachments, etc., 
and by further reshaping of the heads and to a lesser 
extent the shell if it is slightly out of round, which it 
usually is. In other words, where it is most effective in 
preventing failure in service by fatigue. The containers 
used for this test have only one */,-in. pipe size opening 
which is in the top head and a stand ring attached to the 
bottom head. There are no attachments to the side 
walls. The containers were pulled from a production 
line. 

I.C.C. containers are usually of plain cylindrical 
shape and of the simplest construction, without open- 
ings or stress raisers in the side walls. A.S.M.E. con- 
tainers not only usually have openings or attachments 
and reinforcements in side walls but they are often very 
irregular, or large or sometimes rectangular, also inter- 
secting cylindrical parts, often at oblique angles. There 
is evidence that the reshaping at such locations, due to 
internal pressure, may induce sizeable stresses above the 
calculated stress at other locations. It seems clear that 
the reshaping, percentagewise, due to hammering at 
1'/, P is more largely confined to the highly stressed 
areas adjacent to these more rigid discontinuities, as 
well as reshaping heads of any shape (other than hemis- 
pherical). 

Repressurizing to the service or working pressure 
shows these previously highly stressed surface areas to 
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be stressed to or, sometimes, below the calculated work- 
ing stress (indicated by SR-4 gages and Stresscoat). 


CONCLUSIONS 


Testing thin-wall pressure vessels at a test pressure in 
excess of the working pressure reshapes the heads and 
areas around openings, attachments, seams and other 
discontinuities. 

This reshaping is equivalent to, and may be con- 
sidered, a stress-relieving operation, reducing the like- 
lihood of fatigue failure of the vessel in service at the 
designed working pressure. 

Hammering the vessels while subjected to the test 
pressure measurably increases the volume of the vessel 
and the extent or amount of reshaping, resulting in a 
beneficial stress-relieving effect. 

It would seem, in the light of experience and other 
studies, not recorded here, that it may be advantageous 
from the standpoint of safety to apply the A.S.M.E. 
test requirements including the hammer tests to all low- 
pressure thin-wall containers. 

Also in the light of these studies, it would appear that 
the volumetric test data for 4B type of low-pressure 
containers, having heads of elliptical shape, which 
commence to plastically deform at a pressure near the 
service pressure, and as obtained by means of the jacket 
test, may be misleading and do not afford the informa- 
tion originally desired and attributed to these test re- 
sults, also that the currently reported Jacket Test ex- 
pansion data on 4B type containers do not actually con- 
tain worthwhile or tangible information which can be 
evaluated, with certainty, or be used as a guide for 
future periodic testing. 

This partial analysis, to some extent, and particularly 
long-time experience, confirms the conclusion that the 
“Jacket Test’’ is an eminently satisfactory means for 
testing and evaluating high pressure containers having 
rigid heads and bottoms which do not plastically de- 
form at the test pressure. 


ADDENDUM 


ACCURACY OF JACKET TEST FOR 
HEADS ONLY 

It became necessary and desirable to determine the 
degree of accuracy of the results determined by use of 
the Head Jacket Test Fixture and to evaluate the ac- 
curacy and significance of the data obtained by its use 
in terms of exact reproducibility of test results. 

Two containers of the same size and type were taken 
from a production line before pressurizing other than a 
50-psi. tightness test. One of these containers was 
tested in steps of approximately 50 psi. to 720 psi. 
The results are shown in Table T-5, container No. 1. 
(see also Table T-2.) The consistency of the difference 
in expansion in cubie centimeters and the per cent for 
each 50-lb. increase in pressure is significant. Incipient 


| 


H 


GENERAL yielding occurs around 648 to 720 psi. as 
indicated by the sudden jump to 30 ce. expansion. To 
the uninitiated this is an unbelievably sensitive testing 
tool. The permanent expansion (Set) at 100 psi. is only 
0.1 ce.—just a few drops, and equivalent to about 
1 80,000 of the head capacity. The second, and final 
test, at 648 psi., does not, and should not, show any 
permanent expansion. Again indicating the accuracy 
of the testing means. 

Container No. 2 was first subjected to a pressure of 
600 psi. and then to 700 psi.—to be nearer the general 
yield point, similar to container No. 1. Thereafter it 
was pressurized in steps of about 50 psi., except 480 psi. 
which is the minimum test pressure. It is to be noted 
that there was no permanent expansion until near the 
previous maximum test of 700 psi.; also note there was 
marked plastic deformation immediately thereafter. 

The uniform elastic expansion of container No. 2 for 
each 50 psi. of about 1.8 ec. again indicates the extreme 
accuracy of the testing means. The correlation be- 
tween test results of containers No. 1 and No. 2 is so 
close that it indicates these two containers may have 
come from the same ingot. It will be noted that the 
total permanent plus elastic expansion of container No. 
1 at 480 psi. is 21.9 ce., also the total permanent (plas- 
tic) expansion is 4.8 ec. . Now subtracting these two we 
have 17.1 ce. which is the elastic expansion of cylinder 
No. 1 at 480 psi. Now note that the total elastic ex- 
pansion on container No. 2 at 480 psi. test pressure is 
16.8 cc. or a difference between the two containers of 
only 0.3 of 1 ec. or about '/s9 of a cubic inch. (There is a 
permissible mill variation in the tensile strength of the 
steel of about 20%). Incipient general yielding of the 
material in this container is also over 700 psi. It may 
be noted that when testing at a pressure near or above 
the incipient yield point, it is necessary to re-apply the 
same pressure several times to obtain a steady ‘“‘zero’’ 
reading—or possibly hold the pressure for quite a 
while. 

Incidentally the bursting pressure of these containers 
is around 1150-1300 psi., which is well above the re- 
quired minimum of 960 psi. 
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It may be noted that the center portion or crown of 
the head is the largest, flattest area with the longest 
radius of any spot on the entire vessel. For a 2 to | el- 
liptical head the radius at the center of the crown is 
equal to the major axis or diameter of the container. 
While this is probably the strongest area in the entire 
vessel so far as rupture or failure due to internal pressure 
is concerned, it is one of the first areas to “move out’’ 
not by stretching of the material but by a bending or re- 
shaping effect analogous to forming a thin tank shell in 
bending rolls, but not nearly so severe and no more 
dangerous. 

A container that has been pressurized to some ele- 
vated pressure and repressurized in steps, noting the 
expansion in cubic centimeters, becomes one of the most 
accurate and sensitive means for calibrating ordinary 
pressure gages, and is so used by I.C.C. container manu- 
facturers. 

The Compressed Gas Assn. has published an ex- 
cellent pamphlet entitled ““Methods for Hydrostatic 
Testing of Compressed Gas Cylinders.’ This refers to 
the Jacket Test. 


DESCRIPTION OF FIGURES 

Figures 3 and 3-A: Photographs of strain pattern in 
Stresscoat around a plate welded into the container shell 
after first and second application of 400 psi. test pressure 
to A.S.M.E. vessel. Figure 3 shows definite strains in 
surface area adjacent to the weld after initial pressure of 
400 psi. Figure 3A shows no strain in the same area 
after the second application of Stresscoat and a pressure 
of 400 psi. The dark appearance is due to overetching 
to reveal any small crack that might be present in the 
Stresscoat. 

Figures 4 and 4-A: Photographs of strain pattern in 
Stresscoat at a boss welded into the container shell 
after first and second application of 400 psi. test pres- 
sure to A.S.M.E. vessel. Figure 4 shows definite strains 
in surface area adjacent to the weld after initial applica- 
tion of 400 psi. Figure 4-A shows no strain in the same 
area after the second application of Stresscoat and a 


Figure 3-4 
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Figure 3 


Figure 4 


pressure of 400 psi. ‘The dark appearance is due to 
overetching to reveal any small crack that might be 
present in the Stresscoat. 

Figure 5: Photograph of arrangement of SR-4 strain 
gages on elliptical head to measure surface strains and 
fixture-supporting dial indicators to measure surface 
movements in radial directions. Fixture is supported 
by three spring-loaded pointed pins fitted into center 
punch marks in container 

Figure 6: Photograph showing progression of strain 
pattern in Stresscoat on surface around bosses in head of 
.C.C. container as internal pressure is increased to 650 
psi. “Contour lines’ indicate extent of cracks in Stress- 
coat at internal pressures as designated. The irregu- 
larities in these contour lines are due to the vagarics of 
the head material, of the thickness of Stresscoat and 
of the pattern of stresses in the head. The service pres- 
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sure of this container is 240 psi. with required test 
pressure of 480 psi. 
Photograph showing progression of strain 


Figure 7: 
pattern in Stresscoat on surface of shell and head of 


I.C.C. container as internal pressure is increased to 700 
indicate extent of cracks in 
The ir- 


psi. “Contour lines’ 
Stresscoat at internal pressures as designated. 
regularities in these contour lines are due to the vagaries 
of the head and shell material, of the thickness of the 
Stresscoat and of the pattern of stresses in the head and 
shell. The service pressure of this container is 240 psi. 
with required test pressure of 480 psi. 

Figure 8: Photograph of typical arrangement of 
SR-4 strain gages to measure surface strains of both 
head and shell. Electrical equipment for scanning gages 
and recording measurements is shown on wall shelf. 
Gages measure both hoop and longitudinal strains from 
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Figure 7 


Figure 8 


which stresses are calculated. On the far side of the 
container, a small white area represents Stresscoat ap- 
plied to the container for similar strain indications. 
Fellows, and Dr. H. L. Anthony, Senior Fellow, Scaife 
ACKNOWLEDGMENT Co. Fellowship, Mellon Institute of Industrial Re- 
search. Also J. C. Turnbull, Assistant to the Vice- 
President, Scaife Co., for his assistance in coordinating 
and evaluating the work and this report. 


The author wishes to acknowledge the assistance and 
painstaking work of T. G. Beckwith and 8. B. Floyd, 


AN OPPORTUNITY 


to secure back numbers of The Welding Journal Bound Volumes at very low cost 
Effective now, but ending August 1, 1951, the following BOUND VOLUMES are available at the prices shown 


Year *Price Year *Price 

1933 4.00 1947 6.00 

1934 4.00 | 1948 8.00 

1938 4.00 1949 8.00 
* Plus Postage 


Each consists of the twelve (12) issues of that year’s JOURNALS, each volume attractively bound in imitation 
black leather covers. These are valuable additions to your engineering and welding library. 

Place order now and before August 1, 1951, with the AMERICAN WELDING SOCIETY, 33 West 39th St., 
New York 18, N. Y. 
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elding in American Engineering Education 


® Results of a letter survey on the problems of teaching welding, welded 


design and welding engineering in the American Engineering Colleges and 


by J. Heuschkel 


I. INTRODUCTION 


URING the past thirty years, welding has become 
widely accepted as a means of fastening together 
the subparts of the many and often complex 
metallic assemblies that constitute the working 

mechanisms of a dynamic industrial and agricultural 
America. It is the function of the Educational Com- 
mittee of the AMERICAN WELDING Socrety to continu- 
ously further a widespread understanding of the pro- 
gressively expanding frontiers of knowledge which have 
been and are continuing to be achieved within the field 
of welded fabrication as the result of the combined ef- 
forts and experiences of research, development, appli- 
cation and educational personnel. As welding has be- 
come an increasingly important fabrication tool, it be- 
comes more and more important that engineering stu- 
dents and their instructors recognize the fundamental 
importance of this method of fabrication, and also 
comprehend the technical problems which are peculiar 
to the usage of this method. It is therefore well that a 
legitimate professional contact be established and main- 
tained between the Committee and the teaching staffs 
of the Engineering Colleges. 

Heretofore, the Committee has been somewhat handi- 
capped in knowing how to proceed with the treatment 
of possible problems in aiding the professorial staffs of 
the various accredited engineering colleges at the level 
indicated and as required or requested by those institu- 
tions. To alleviate this condition and to facilitate the 
future establishment of a high level of cooperation be- 
tween industry and educators, a 1950 single letter sur- 
vey was made of all the accredited American engineering 
colleges for the purpose of: 


(a) acquainting them with the existence of the 
A.W.S. Educational Committee; 

(b) pointing out that design for welding is one com- 
mon meeting ground for most engineering 
students and it is also of fundamental im- 
portance from an industrial viewpoint ; 


. Heuschkel is with the Westinghouse Research Laboratories, East Pitts- 
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the opinions of those in responsible charge of such teaching as to their needs 
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(c) asking the views of the top level educators, 
meaning the Deans of Engineering and also 
the Heads of the Civil, Electrical and Mechan- 
ical Departments on the problems of teach- 
ing welding, welded design and welding en- 
gineering in the American colleges, and 

(d) specifically asking the educators in which field of 
effort the Educational Committee could be of 
maximum assistance to the Engineering Col- 
leges. 


Il. SURVEY PROCEDURE 


It was believed that such an evaluation of the efforts 
which the American Engineering Colleges are making to 
keep their students informed on the progress and prob- 
lems of modern fabrication and joining methods could 
only be made after conducting an individualized sur- 
vey. There are 137 accredited engineering colleges and 
universities in the United States.* To secure the de- 
sired information the letter of inquiry was addressed to 
the engineering dean or his equivalent, and to the heads 
of the mechanical, civil and electrical engineering de- 
partments of each of these institutions. This was done 
because it was thought to be impossible to classify 
colleges by any single type except by the branch of en- 
gineering in which degrees are conferred. 


lil. REPLY RESPONSE 


From the 137 institutions polled, a total of 205 in- 
dividual faculty responses were received. At least one 
individual response was received from 84° of all the 
schools. Included were all of the large institutions. 


The detail reply distribution is significant : 


Total schools polled 137 

Schools replying 115 (or 84% of total) 

Replies from: 
Electrical Engineers 
Deans 


36 (or 26% of total) 
42 (or 31% of total) 
55 (or 40% of total) 


Civil Engineers 35 
Mechanical Engineers 72 (or 52% of total) 
Individuals 205 (or 38% of total) 


* Brumbaugh, A. J., American Colleges and Universities, 5th ed. (1948). 
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A general widespread interest therefore exists in this 
subject with maximum interest among the mechanical 
engineers and a minimum among the electrical en- 
gineers. 

IV. FUNDAMENTALS IN ENGINEERING 

EDUCATION 


The responses repeatedly chronicle the problem of 
specialties education as being essentially that of allot- 
ting the proper proportion of the total available time to 
furtherance of knowledge within the scope of the ac- 
tivity in question. The basic concept of modern educa- 
tion involves training in fundamentals; in promoting 
the ability to think through a new problem; in recog- 
nition of the fact that the individual engineer is a mem- 
ber of a social unit and that his professional work both 
influences and is influenced by society; and that the 
engineer is an intelligent citizen first and professional 
man second. All this the undergraduate student is to 
absorb, usually within a four-year program! 

The colleges recognize their responsibility in provid- 
ing a sound grounding in fundamentals including 
mathematics and mathematical analysis, physics, 
chemistry, etc. It is the foundation of their basic 
policy. It also is essentially the same as, and in the 
future may become even more nearly identical with, the 
European University practice of teaching engineering 
as a broad functional field of activity, not ignoring the 
fact that engineering also extends into the domain of 
management. It must be recognized therefore that 
the teaching of a specialty often comes into time limita- 
tion conflicts within a four-year curriculum. 

The educational problem is thus compounded by the 
complexities of modern science; the trend toward func- 
tionalization; the tendency toward leaving details up 
to industry and the repeated impact of economic and 
military upheavals. 

Progressive industry expects the educational units to 
stress fundamentals and later expects to train the in- 
dividuals in the necessary specialties. The welding in- 
dustry then is particularly interested in knowing 
whether the colleges recognize that welding is funda- 
mental to modern fabrication techniques, if enough of 
industrial management is aware of the need for gradu- 
ate education within this field, or whether each is ex- 
pecting the other to cope with the problem. 

Differences of opinion were received on this: 

(a) “Our time to make improvements is limited and 
We give priority to the more important things, which in 
my mind are the fundamentals.” 

(6) “Can we not assume at this time that welding and 
welding design is as basic as riveting and riveted de- 
sign?” and, again, 

(c) “I am in sympathy with the present scholastic 
trend toward emphasis on fundamentals but I do not 
believe that increased instruction in welded design is 
necessarily in conflict with that trend. Regardless of 
generalization, we will undoubtedly continue to teach 
liberal amounts of elementary design and it is my opin- 
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ion that the design courses must be revised to provide 
for instruction in welding in proportion to its increasing 
importance, relative to other fabrication processes.” 

The Committee may do well to clarify the possible 
ways and means for furthering the inclusion of welding 
principles as a part of training in modern engineering, 
since fabrication of metals is fundamental to the con- 
struction of all metallic products and welding is involved 
in sO many instances. The important point is to 
provide enlightenment in limiting principles, not in 
training students to be welders. The student should 
be given “an appreciation of the possibilities, potentiali- 
ties and limitations of welding and made aware of 
the current status of welding in the engineering pro- 
fession.”’ The trade schools should be encouraged to 
train both operators and technicians in the field of 
applied welding, which is not an engineering college 
function. One may close this phase of the problem 
with the comment of a prominent engineering college 
professor : 

“The scholastic trend in engineering education in the 
last decade has been toward accenting pure science and 
the humanities, rather than shop and _ vocational 
courses. While we in the Metal Processing Division feel 
that this trend is on the whole a proper one, we do be- 
lieve that improper emphasis has been placed on certain 
aspects of it. The science student is often—the en- 
gineering student rarely—interested in fundamentals 
for their own sake. Unless the latter is given an en- 
gineering focus for his fundamentals, he rarely remem- 
bers them beyond the term examination. Thus, the 
emphasis should be, not on science courses, but on en- 
gineering courses taught by men who are more con- 
scious of the fundamentals and of their applications to 
engineering.” 


Vv. HUMANITIES IN ENGINEERING 
EDUCATION 


Huxley, many years ago, defined a liberal education 
as “a training of the mind and the will to do the things 
you ought to do at the time they ought to be done, 
whether you like to do them or not.’’ The present 
trend toward more training in the liberal arts and 
humanities and the resultant problems was pointed up 
by the comments: 

(a) “You are perhaps aware of the difficulty that we 
have had in trying to increase the nontechnical course 
work offered to engineering students. Some of our 
friends in the art schools have blamed almost all of the 
world’s ills on the fact that we get so little work in the 
nontechnical field that we are almost a menace to 
humanity. Even so I think I could prove to them that 
most engineering curricula are designed with far more 
nontechnical content than the equivalent curricula in 
the art school. I think if you check up on the curricula 


offered to doctors, lawyers, English majors, and others 
you will find that the engineer has more nontechnical 
work outside his own field than any of these.”’ 

(b) “At present due to the clamor for more liberalized 
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engineers we are eliminating basic technical courses for 
work in American Democracy and Western Civiliza- 
tion. In spite of this we are constantly criticized for 
giving our students twenty credit hours per semester 
compared to fifteen hours in liberal arts colleges. A 
good part of this work is laboratory too.” 

(c) “‘The result is that we must teach the fundamen- 
tals in the sciences and in engineering with only a few 
courses available for teaching the art of engineering.” 

(d) “With the introduction of considerable work in 
the humanities and with a reduction in the number of 
credits required for graduation, there has been a redue- 
tion of one-third in the amount of drawing in the fresh- 
man and sophomore years. Thus the students no 
longer receive training in welding symbols.”’ 

These factors of educational policy are a prelude to 
the problems of the Committee. They point up the 
need for an acceptable answer to the observation 
that, “it is very easy to add new courses, presuming 
time is available for such addition, but it is extremely 
difficult to decide which courses may best be removed 
in order to make way for something new.” 


VI. TIME—THE ESSENCE OF THE PROBLEM 


Time is the essence of the educational problem, and 
more responses mentioned this than any other one fac- 
tor. Heretofore, the practice has been to maintain a 
four-year undergraduate program. There is a trend 
to change this to five years. There are also both policy 
and economic objections to this change. Would such a 
change further restrict opportunities for the able but less 
fortunate individual? ‘There is a problem in increased 
efficiency in engineering education, as there is in en- 
gineering application, including production. The Com- 
mittee could well give thought to this problem by study- 
ing the best ways for the incorporation of welding prob- 
lems into existing courses. Time may be recognized as 
being the essence of the problem without its shortness 
being accepted as an unsurmountable obstacle, even in 
the four-year course. 

Vil. THE CASE FOR WELDING 

Welding is no longer a luxury specialty. 
basic tool of modern industry and is being used to a 
A more widespread under- 


It is now a 


lesser degree in structures. 
standing of its usage is fundamental to modern produc- 
tion. Notwithstanding that objections toward includ- 
ing technical aspects of welding in the engineering cur- 
ricula include the desire to emphasize fundamentals 
and humanities, which leaves little or no time within a 
four- or even five-year course for specialties, and that 
there are many specialties in the present era, there were 
strong opinions in favor of such inclusions from many 
sources: 

(a) “Your letter regarding the offerings of the col- 
leges in the field of welding and welding design, and re- 
questing suggestions to improve the offerings opens an 
entire field of discussion and argument.” 
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(6) “It is my firm belief and has been for some time 
that welding should and must be incorporated in the 
education of the engineering student. We older men 
who went through college when welding was in its in- 
fancy and riveting still the accepted practice are aware 

perhaps more than the younger men— of the tre- 
mendous change in design practice that has been 
brought about by welding techniques. Textbooks 
rarely bring this out and the only way the student will 
become aware of this is by supplementary instruction 
given by the instructor. .. .”’ 

(c) “The emphasis which a department of engineering 
in an American College gives any one group of courses in 
its curriculum depends, I think, on the demonstrated 
need for that emphasis. I have no doubt that a much 
better foundation could be given in welding here, but 
only by sacrificing the foundation of some other branch 
of engineering.”’ 

(d) “My staff feels that it would be definitely ad- 
vantageous for all engineers and designers in product 
design and manufacture to have a fundamental back- 
ground in welding and welding processes.” 

(e) “This is a subject about which I am very much 
concerned and I feel that as engineering instructors we 
are not doing what we should in this field. We spend 
some time on this subject in our Strength of Materials 
course and I devote a reasonable amount of time to it in 
my Machine Design class.’’ 

(f) “Students ere graduating today with very little 
knowledge of the practical use of materials. Most of 
them simply cannot ‘use their hands’ even in the sim- 
plest of operations using wood. Our present emphasis on 
theory and fundamentals has eliminated shop courses. 
We have no shop work. 

“T, frankly, do not know the answer. We are defi- 
nitely nof training mechanics but the graduate who goes 
into Design has a long road ahead of him before he can 
do a job. Industry is very largely responsible for this 
situation as the insistance has been for fundamentals in 
college with practice in employment.” 

(g) “I believe that a welding course should demon- 
strate to the prospective engineer the various types of 
welding processes used in industry today, rather than 
delve in the fundamentals of are welding and gas weld- 
ing mild steel. Jn addition to the various welding 
processes being used in industry, the student should 
know something about welding design, cost of welding, 
testing of welds, ete.”’ 

(h) “It is believed that welding design and engineer- 
ing would be beneficial to all engineering students.”’ 

There are also objectors to any inclusion of the subject 
in any form. 


VIII. WELDING METALLURGY 


Ways of introducing the fundamental welding con- 
cepts into the undergraduate curricula are pointed out 
by the various procedures already in use. Among 
these are the 13% of the total replies who now report 
that basie factors of metallurgy are being given, or of- 
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and the service requirements. 


integrity of the final product. 


fered, to civil, electrical and mechanical engineering 


students. Metallurgy is an important subpart of the 
welding problem. Approaches for consideration in- 
clude: 


(a) “It would be desirable if such a course could 
have as a prerequisite a general course in Physical 
Metallurgy.” 

(b) “The actual analysis of welds is covered in the 
course in Physical Metallurgy, which is taken by all 
engineering students except those in electrical engineer- 
ing, and they are anxious to have it in their curriculum.” 

(c) “Our mechanical, marine, aeronautical, business 
and metallurgical engineering undergraduates all re- 
ceive at least one course in metallurgy which includes 
the fundamentals of welding.” 

(d) “Our students of Civil Engineering who elect the 
structural or the transportation option take a course 
titled “Metallurgy and Welding”’ in the first term of the 
Junior year.” 

(e) “Mechanical engineering students are required 
to take a course in the fundamentals of ferrous metal- 
lurgy. This course is now taught in the School of 
Chemical Engineering. Later, they take a course in 
heat treating, consisting of two hours lecture and 
three laboratory hours per week, for one quarter. A 
considerable portion of the laboratory time is devoted 
to microscopic examination of heat-treated steels.” 

(f) “We teach, of course, a course in metallurgy which 
will be in our fifth year, that is after the student has had 
a year of shop training. This ties in very well and it is 
more or less beneficial to have the metallurgy course 
follow the regular shop courses.”’ 

In so far as they have adopted this approach, the 
schools have done well. 


IX. WELDING DESIGN 


Il. General 


There are certain design factors unique to welded 
fabrication. Design for use of the specific welding 
process to be used is one. Consider the metal welded 
Avoid overwelding; 
it is costly and in some instances may be harmful to the 
Designing is the func- 
tion of the designer; yet how can the design be proper 


‘for welded fabrication if the designer is unversed in 


the usage and requirements of the welding processes? 


’ How is the designer to become aware of these usages 


and requirements? By trial and error? And if this be 
the method is it not cheaper to pre-educate than to 
bear the cost of the resultant inevitable errors? 

The inquiry letter stressed design as one area of 
mutual interest common to all branches of engineering. 
Perhaps for this reason 55° of the replies comment 
specifically on this subject. But it was found that, 
while the welded design problem is a phase common to 
all branches of engineering, the emphasis varies con- 
siderably between different departments. 
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2. Civil Engineers 


The civil engineers are faced with the fact that only 
about one-third of static structures involve the usage 
of welded fabrication at this time; not long ago it was 
used in less than 10% of such structures. It is almost 
universally used on piping and storage tank projects. 
Thus they report for example: 


(a) “You are seeking information on a timely and 
touchy subject in the field of structural design. As you 
mentioned in your letter, the trend toward welded de- 
sign is growing by leaps and bounds, and it is rather 
unfortunate that colleges in general have not been able 
to give more emphasis to the subject. But are we to 
more or less completely eliminate an old and well-es- 
tablished method, for the new, at this particular time? 
It would mean rather drastic changes in the subject 
matter of our curriculum if we were to give welding the 
emphasis it deserves; for although welding brings up 
many new and unusual problems, riveted construction 
is the more difficult to grasp in the long run, and I 
think you will agree that the majority of structures are 
still being riveted even today.” (I did in preceding para- 
graph.) 

(b) “We stress the fact that any structure to be 
welded must be designed for welding in order to take 
full advantage of welding. The various disadvantages 
of welding are also considered. Our men have had 
previous instruction in principal stresses so they are 
able to appreciate the problems and approximations 
involved with respect to internal stress conditions.” 

(c) “Perhaps the most valid reason for our lack of 
emphasis on welding is that structural welding has not 
come into common use in this section of the country. 
No welding whatsoever, to our knowledge, has been 
used in railroad and highway bridges in this part of the 
country (the Pacific Northwest), although very re- 
cently highway specifications have begun to include 
some welding codes. Likewise, there has been very 
little welding in building construction. Fifteen years ago 
I was firmly convinced that welding in building work 
was rapidly coming to the fore. At that time I was 
teaching structural design and included a problem in 
welding in my regular class work. However, this 
anticipated development simply has not come about in 
this part of the country. I am not sure of the reason, 
but I do know that some fifteen years ago we were hav- 
ing some considerable difficulty with the welded struc- 
tures which were going up at that time. This difficulty 
may have had some bearing on the reluctance to use 
welding in this area.” 

One may ask if the difficulty 15 years ago was in the 
process or in the lack of knowledge. 

(d) “It is my impression that the colleges of the 
country are becoming more aware of the importance of 
welding in structural design and if the trend here is 
any indication they are devoting more attention to it. 
However, there is little chance that any four-year cur- 
riculum will have a separate course in welding for the 
undergraduate students. It is now handled within the 
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regular structures courses and considered merely as one 
of several means of making connections between mem- 
bers of a structure.” 

Civil engineering reports that the material now be- 
ing given is usually included within the framework of 
one or more other courses as: 


Sophomores—Shop 


Juniors— Mechanics of materials 
Stress analysis 
Elementary structural design 
Seniors—Structural design 


Structural steel 
Construction planning and management 

Presented material includes: 

(a) Short shop course in weld manipulation and 
technique. 

(b) Types of welds and their applications. 

(c) Use of standard welding symbols. 

(d) Brief discussion of advantages and disadvantages 
of welded construction compared with other 
methods of fabrication. 

(e) Diseussion of fatigue characteristics of welded 
joints. 

(f) Discussion of properties of welded material. 

(g) Design of welded tension joints 

(h) Design of welded compression joints 

(¢) Design of welded splices and connections. 

(j) Design of welded plate girders 

(k) Design of welded trusses. 

(ly Design of welded built-up beams using the 
A.LS.C 

(m) Design of welded connections for small truss 


. specifications. 


members that are unsymmetrical. 

(n) Considerations of light metals, as aluminum al- 
loys. 

(0) Making of load-slip determinations, riveted and 
welded. 

(p) Continuity in frameworks. 

(q) Practical features. 

(r) Theory and practice, including residual stresses ; 
distortion; stress concentration and fatigue; 
technique of welding, including laboratory 
demonstration and practice welding; current 
design specifications; examples of recent de- 
signs of bridges and buildings; relative econ- 


omy studies—riveted vs. welded construction. 


3. Electrical Engineers 


Electrical engineers are primarily concerned in teach- 
ing theory of electrical phenomena and systems and 
place little importance to the mechanical design of such 
items as electric motors, for example. They generally 
ignore the problems of design for welding. This, to the 
author of this report, was one of the most interesting 
disclosures of the survey, considering the known daily 
welding design problems encountered by a large elec- 
trical manufacturing company. Their treatment of 
the subject is highlighted by one comment: 

“Are you aware of the fact that at least in electrical 
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engineering most colleges teach no design whatever? 


We teach general theory, and physical concept with 
practically no design of any kind. Some time ago:l 
became disturbed over the fact that in electrical engineer- 
ing unlike practically all other engineering courses, we 
had practically no design work whatever in our Univers- 
ity. We therefore installed three new courses (actually 
courses which had been dropped out years before) in 
the electrical engineering design of machines. I am 
quite aware that our methods of design will probably 
be different from those used in industry and that any 
of our students who get into design work of machinery 
will have to relearn all of the design principles. On the 
other hand it seems to me that the end product of all 
engineering is the design of something. In all other 
engineering courses the students spend hour after hour 
in designing mechanical, civil or chemical engineering 
mechanisms or structures. In electrical engineering 
on the other hand we have got so far away from the 
idea of designing something that it has seemed unsound 


to me.” 


4. Mechanical Engineering 


The mechanical engineers, in nearly all cases report- 
ing, include welding as some part of their design 
courses, in additior to considerations in metallurgy and 
mechanics of materials. They put most emphasis upon 
the subject within the area of machine design, which can 
and probably does include electrical machines, but the 


subject is also treated in other courses, as: 


(a) Machine design. 

(b) Machine analysis 

(c) Tool design. 

(d) Tool and die design. 

(e) Machine tool operations. 

(f) Metal processing. 

(g) Engineering drawing. 

(h) Shop practices. 

Production methods. 

For example, one instructor reports that, “In Princi- 
ples of Machine Design, given the first term of the sen- 
ior year, the elementary stress analysis of welded joints 
is considered along with analysis of other fasteners. 
Problem work is given on stress analysis of simple 
joints in tension, tension and shear, and in shear. 
Structural joints in primary and secondary shear are de- 
signed both for riveted and 
Some work on pressure vessel joints for welded and 


welded construction. 
riveted construction completes the coverage save for 
lecture work on various welding processes and applica- 
In the second design course, Mechanical Design, 
The student 


tions. 
complete design projects are carried out. 
is free to choose and apply welding to all the parts 
where welding and brazing might be used to ad- 
vantage.’ 
Other items covered include: 

Welding practices and techniques. 

Basie principles of welded design. 


’ 
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Production methods, including welding. 

Welding symbols. 

Design calculations. 

Stress analysis. 

Strengths of welds and welded joints. 

Design of welded pressure vessel. 

Considerations of welding, riveting, forging and 
casting. 

Distortion from welding. 

Accessibility. 

Selection of materials. 

Welded tool design. 

Welded joints in tension and torsion. 

Thermal stress determinations in bimetallic mem- 
bers. 

Biaxial and triaxial stress conditions. 

Methods of assembly and jigging. 

One school offers “‘an elective course to seniors titled, 
‘Welding in Design,’ which picks up the problem from 
the standpoint of the metallurgy of the welds and its ef- 
fect on the materials being joined and carries through 
to actual design problems in which welding is a means 
of fastening.” 

Another reports that “One thing that we do stress is 
that welded design is a subject by itself. In machine 
design, for example, the designer should not imitate the 
structural steel designer and neither should he neces- 
sarily make the parts look like castings. I feel that 
with a reasonable amount of time and study devoted to 
this subject, we can improve, to a large extent, our 
method of instruction in this field.” 

The supporting arguments for the procedure of teach- 
ing welded design as a separate course are furnished by 
yet another commentator: 

“There are too many other topics which must be 
covered for an individual instructor to do the work 
necessary to make much improvement in the presenta- 
tion of the design of welded joints during the time de- 
voted to the average machine design course. This 
_ work should be done by those with much experience in 

the field of welded design and the methods should be 
fundamentally sound and backed up by the necessary 
data to convince the student that the presentation is 
logical and that the methods are to be depended upon.” 
_ Only a few departments reported a complete absence 
of interest in welded design. The general soundness 
of the mechanical engineering instructors may be sum- 
marized with the one observation: 
“T feel personally that more attention should be paid 
to designing for welding. I also feel that attention 
~ should be given to the use of welding as against castings. 
I also feel that such instruction should be honest and 
unbiased; and where a good steel casting would be 
superior to a weldment, the instruction should be such 
as to permit honest discrimination. This statement 
goes for the tendency to substitute steel castings for a 
part that could be more satisfactorily welded. The 
basis for instruction, welded or cast, should be in the de- 
sign course. Thus the engineer remains the engineer 
and does not become the welder first.” 
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X. WELDING PROCESSES AND TECHNIQUES 

From the ancient Greeks comes the expression, ‘We 
learn by doing.” While it can readily be agreed that 
the engineering college student is not a candidate for a 
job as a welder, welder foreman or supervisor, ‘he 
should have some knowledge of welding methods and 
procedure. With this background to build on, he 
should be able to handle the engineering aspects of the 
modern trend toward welded fabrication.” 

For example, one school gives 30 clock hours instrue- 
tion of shop training in arc, gas and spot welding. 
Others commonly give a one-credit laboratory course, 
often in the freshman year, but sometimes in the senior 
year. Such courses are “primarily intended to demon- 
strate methods, equipment, precautions and control in 
welding.”” These laboratory courses are often re- 
quired and embrace one or more branches of engineer- 
ing. Depending upon the individual school, the work 
is included under one of the headings: Manufacturing 
Processes; Welding, Heat Treating and Casting Labo- 
ratory; Materials and Processes; Advanced Welding 
Practice; Practices of Welding; Mechanical Processes; 
Welding Shop; Welding Laboratory; Welding and 
Pipe Shop Work; Welding Techniques; Structural 
Welding; Materials of Machines; Metal Processing; 
Materials Testing Laboratory (Demonstration); In- 
dustrial Electronics (E.E.); Metal Fabrication; Elec- 
trical Engineering Laboratory (incidental to operation 
of electronic controlled welders); Machine Shop; and 
Farm Mechanics. 

This work is often supplemented with usage of motion 
picture showing welding and welded applications. 

Shop work requires equipment. This is a major de- 
terrent in some instances, particularly within the field 
of resistance welding, a matter which may be reflected 
into the future detriment of that phase of the industry. 

At one school “Civil and Mechanical Engineering”’ 
students in their senior year may elect a one-credit 
hour course in Structural Welding. This is a very 
practical course and includes: 

“(a) Three lessons devoted to practice arc welding, 
culminating in each student making a stand- 
ard fillet-welded tension specimen, which is 
inspected, judged and then tested. 

“(b) The theory and design procedures for beam- 
column connections of the simple, fully fixed 
and semirigid types. 

“(e) Are-welding speeds, costs, inspection. 

“(d) Theory and design procedures for various joints 
involving butt, fillet welds and slot welds. 

“(e) A lecture on rigid frame analysis, and design for 
welding.” 

This later arrangement is also offered by others who 
report that: “At present we are offering courses in 
welding, machine shop and foundry work to fourth- 
year mechanical and electrical engineers—that is under 
our five-year program for a bachelor’s degree in one of 
the engineering fields. Our reason for placing these 


courses at so late a time is because we feel a student will 
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obtain a great deal more out of them than he would if 
he were in the freshman year like the majority of other 
universities. In fact, we feel that since students are 
more mature we can give them a great deal more in the 
allotted time and also that when they are finished with 
these courses they immediately go into other machine 
design courses.” 

Early or late, the practice of giving welding instruc- 
tion is growing: 

(a) “This semester we are teaching a new course 
known as Applied Welding Technology fer Engineers. 
This is an elective course and quite a few of the Civil 
Engineering and Architectural students are evidencing 
considerable interest in it. We are confident that the 
interest in this course will continue to grow when it be- 
comes better known.” 

(b) “We would like to briefly describe a new program 
to become effective this fall. 

“During the sophomore and the ffrst half of the 
junior year we will teach a series of coordinated courses 
under the general heading of “Engineering Materials 
and Manufacturing.’’ One phase of the work will deal 
with the welding of metals and will include pictures 
and welding demonstrations. We will teach the funda- 
mentals of welding, but will not attempt to teach the 
students how to weld. We constantly try to maintain 
our objective of developing future engineers and not 
journeymen.”’ 

Fortunate indeed is the school able to report that: 

“We offer both theory and laboratory welding classes 
in the engineering curriculum. The welding labora- 
tory is now adequately equipped with electric are and 
oxyacetylene welding equipment, and we hope to have 
other modern equipment, such as inert-are welding, 
soon for student use. We are giving the engineering 
students more theory now than we have in the past. 
Some of the information included is as follows: welding 
fabrication, economy, design, weldability of metals, 
pretreatment and after-treatment, jigs and fixtures, 
inspection and testing, and the welding processes. 
Numerous up-to-date pamphlets and books on these 
subjects are made available for student use. 

“Previously we were handicapped by inadequate 
facilities, but during the past year some of these have 
been corrected. It is our desire to continue to improve 
the facilities so that engineering students can have 
more instruction on the problems created by the trend 
toward welding fabrication.” 
or again that: 

“We cover such topics as oxyacetylene welding and 
cutting equipment, electric are welding, manual and 
automatic applications, including submerged arc, gas- 
shielded arc; and other welding processes, such as 
atomic hydrogen, pressure and resistance welding, test- 
ing of welds, control of distortion, basic metallurgy of 
welding, welding electrodes and their classifications, 
preparations of joints, including their symbols, and fac- 
tors involved in estimating costs of welding are dis- 
cussed. 

“The fundamentals of design for arc welding are 
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covered by lecture and also by the actual construction 
with jigs and fixtures of simple structural parts, such as 
levers, link and clevises, wheels, gears, etc. Use is 
made of automatic welding heads, welding positioners 
and other fixturing devices to show how these parts 
can be set up on mass production basis. 

“We have a well-equipped welding laboratory with 
all equipment mentioned above, not only for lecture 
demonstration, but also for the students to actually use 
in the various types of welding.” 

Another school reports that: 

“In industrial radiology of course sample welds are 
used in both X-ray and gamma-ray exposures and the 
common types of defects are pointed out. We also 
give some attention to welded items in magnaflux and 
zyglo inspection which may be included in any one or 
more of the courses enumerated. We have very good 
equipment for all of this work and I am sure you ap- 
preciate not only the application advantages of welding 
but also the problems of a research nature that still 
exist.” 

Under ideal conditions, 

“Both pressure and non-pressure welding and allied 
processes, such as brazing and soft soldering, are covered 
by means of lectures, demonstrations, films, and labora- 
tory work. Forge welding, electrical resistance weld- 
ing, thermit welding, carbon and inert are welding are 
covered by lectures and films only; oxyacetylene weld- 
ing is covered by demonstration and films; electric arc 
welding is covered by lectures, films, and actual labora- 
tory practice. The welding of low carbon steel, of 
course, is given the main consideration, although the 
welding and brazing of cast iron, aluminum, and stain- 
less steel are also discussed and covered by use of films. 
A limited amount of laboratory work is devoted to the 
are welding of cast iron.”’ 

However, for any one school, time is yet an essential 
factor and again we are reminded that “If there is 
any way of covering the subject of welding in a thor- 
ough manner, using only 12 to 18 hours of the student’s 
time in Machine Design and approximately the same 
amount in shop practice, I would be very happy to 
find it.”’ 

Here is a challenge to the Committee! 


XI. GRADUATE INTEREST 


Having acquired a B.S. or B.A. degree, the young en- 
gineer is often encouraged to proceed with specialization 
and at this time there is an opportunity for more wide- 
spread choice for fields of activity. About 10% of the 
replies indicate that the schools now offer, or hope to 
include, welding (design or metallurgy) in their gradu- 
ate programs, for civil, electrical and mechanical en- 
gineering students. Again too, there are objectors! 
Constructive observations include: 

(a) “Graduate students in Civil Engineering may 
elect a three-credit hour course in Structural Welding.”’ 

(b) “It is my personal opinion that if a student 
wished to pursue graduate work in welding from an elec- 


Heuschkel—Welding Education 441 


| 
| 


people. 


trical engineering standpoint, he would be much better 
off to gain some practical experience in the work before 
proceeding with his graduate studies.”’ 

(c) “Next fall I shall give a course in the utilization of 
electrical energy in which among otber things I expect 
to cover briefly the electrical principles of the various 
types of welding, welders and controls. This course 
will probably attract graduate students in mechanical 
engineering and possibly some graduate students in 
electrical engineering. 

“As we work into the field of electric welding and 
welding machinery, I expect to include a discussion and 
experiment on it in the undergraduate final machinery 
course, probably for the first time in the spring of 1951.” 

(d) “Many of our graduate students take our two- 
term course in metallography followed by a one-term 
course on industrial radiology. In the first term 
metallography course there is some attention to micro- 
structure of typical electric and gas welds and in the 
second term, which is taught by the project method, we 
not infrequently have students take some phase of 
welding as the subject of their study. In this course 
two students work together on either an assigned proj- 
ect or one of their own choosing.”’ 


TRADE SCHOOL & TECHNICIAN 
TRAINING 


XII. 


The survey being reported was deliberately confined 
to the accredited engineering colleges. It is recognized 
that there are other institutions that do an excellent 
job at training men in a needed but somewhat different 
category. However, if all welding design and engineer- 
ing were to be confined to those schools alone the young 
engineer would find himself with a viewpoint on con- 
struction and fabrication that is already obsolete—a 
somewhat frustrating experience. There is, however, 
an excellent opportunity for the intermediate colleges to 
fill a badly needed gap by the adequate training of tech- 
nicians in the welding field. 


XIII. WELDING ENGINEERING 


Only one university in America treats welding en- 
gineering as a unique undergraduate subject, although 
others give options in this general field. The engineer 
who devotes his professional lifetime to this specialty is 
yet within a classification meaning all things to all 
Nevertheless more and more, industry finds 
need for the highest form of intelligence, with engineer- 
ing training, to handle this portion of activity. 


XIV. INDUSTRIAL TRAINING 


The “easy out” is cited by many; let industry do the 
necessary training. “We think that they can learn 
the more difficult problems in practice.’ One may add, 
this is effective only if industry provides the necessary 
preliminary training so that it doesn’t cost too many 
failures before the young engineers learn how to do their 
job properly! 
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Actually, progressive industry accepts the concept 
that the graduate engineer is not ready to do a job, 
that he needs special training first. The better ar- 
rangements involve extensive expenditures in money 
and effort. But does and must all industry train men 
in all things? It is stated{ that “the advanced courses 
taught by industry fifty years ago are part of the 
undergraduate curriculum of today’s schools. Now, 
advanced courses have soared into fields and sciences 
that in some cases were unknown a half century ago.”’ 
The point is, welding is now and has been for some time 
an important fabrication tool. The general concepts 
should be and are gradually being shifted into the under- 
graduate curriculum, now. Acquaintance with year- 
to-year advances do belong within the scope of in- 
dustrial training. The pros and cons of this contro- 
versial subject are put forth by two correspondents: 

(a) “The smattering of knowledge that one gains in 
college about a specialty can never be completely ade- 
quate and will never be completely representative of 
the many variations of the techniques of that specialty 
employed by different companies. Over-all economy 
dictates that the employer of a college graduate should 
teach that employee the special techniques so that he 
won't have to unlearn some things he was taught in 
college.” 

(b) “I do not completely subscribe to the principle 
that the detailed and specialized training may well be 
left to the industrial organization that employs the 
young graduate. I feel that the Civil Engineering 
graduate, in particular, should be able to take his place 
in the practice of his profession with a minimum of sub- 
sequent training and instruction provided by the em- 
ployers. To this end we try to keep our own program 
as flexible as possible and to give at least basic instruc- 
tion in the possibilities and practice of welding.”’ 


XV. INDIVIDUAL STUDY 

Whether or not formal industrial training is offered, 
these growing fields of engineering require a continuous 
application through individual study. The students 
will find that all branches of science and engineering 
contribute to the make-up of the solutions of the weld- 
ing problems. 

Most present-day welding engineers followed this 
route. Perhaps the writer may be forgiven for insert- 
ing a pertinent quotation from The Analects of Confu- 
cius, “When I attained the age of 15 I became bent 
upon study. At 30 I was a confirmed student. At 
40 nought could move me from my course. At 50 I 
comprehended the will and decrees of Heaven. At 60 
my ears were attuned to them. At 70 I could follow 
my heart's desires without overstepping the bounds of 
rectitude.”’ 

The successful engineer is the continuing student. 
Who else can survive in this era of rapid and radical 
progress? 


+ Westinghouse Engineer, Nov. 1950, * Education in Industry.” 
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POSSIBLE AREAS OF MUTUAL 
ASSISTANCE 


XVI. 


The Committee was interested in learning of the 
various existing needs as interpreted by the teaching 
staffs. Specific descriptions of those areas of invited 
assistance were freely given. 


1. Instructors 


Only three replies pointed to a desire for new men in 
this field, one of them stating that “I have been looking 
for the past two years for a man to teach machine de- 
sign who will have some background experience in 
welded design as well as some analytical work in his 
own field but I find that such a person is just not to be 
had.” 

Others elaborated upon this theme: 


(a) One found that it was necessary to offer an eve- 
ning (M.E.) course “so that we may secure the services 
of an experienced man from industry as instructor. This 
course has been quite popular, as many of the better 
students sense the desirability of a practical course of 
this type.”’ 

(b) Another commented that “the average teacher 
tends to offer and emphasize those portions of the 
subject or field with which he is most familiar, or in 
which he is most Therefore it appears 
natural for another correspondent to suggest that 


interested.”’ 


(c) “One of the biggest aides that industry could give 
to the schools would be for such organizations to set up 
six weeks scholarships in the summers with all expenses 
paid to encourage college teachers to learn at first hand 
the most recent development in field practices in weld- 
ing.” 

(d) Another similar comment was that “the problem 
in teaching many engineering subjects is to keep the 
instructor aware of the frontiers of knowledge in the 
fields and keeping him informed of trends and directions 
of development. True, if one had the time, he could 
read all the papers published in a particular field, but it 
is necessary for one to work actively in a field to timely 
appraise the value of the published material.”’ 

The Committee may well study the best ways for 
establishing a system which will: 


1. Encourage competent designers and engineers to 
enter the field of technical instruction, 

2. Encourage the various instructors to spend sum- 
mer and sabbatical leave periods studying the 
conditions, needs and methods of industry, 

3. Encourage industrial management to provide a 
means for established instructors and profes- 
sors to learn first hand the problems and tech- 
niques of industry, and 

4. Develop a system for transmittal of the best of 

new information within the welding field, 

probably upon an annual basis, to all inter- 
ested teaching personnel. 
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2. Course Organization, Outlines and Methods 


One out of each four replies requested information on 
organization, methods and minimum requirements for 
teaching the subject matter involved. Specific requests 
include: 

(a) Provision of minimum welding essentials and 
specification of the ingredients of a best foundation in 
the principles of welded design. 

(b) Provide results of survey on education so that a 
comparison with other schools’ methods can be made. 

Publication of this report fulfills this request. 

(c) Provide the recommendation of the Committee 
on the matter of teaching welding and welded design. 

(d) Provide any material, suggestions or outlines 
which the Committee feels will be helpful. 

(e) Provide an outline of the material essential in the 
training of an engineer who will deal with welding in 
some form in his professional work after graduation. 

(f) Provide ideas: textbooks, source material, practi- 
cal applications, methods used in other colleges. 

(g) Provide material on practical problems in weld- 
ing design suitable for laboratory fabrication and test- 
ing. 

(hk) Establish a system of frequent contact with the 
interested instructors. 

The Committee is assured of the sincerity of these re- 
quests and is repeatedly challenged to provide solutions 
by such frank comments as: “This question of teaching 
welding design has always been a problem for me. If 
you develop any method of teaching welding design in 
the time allowed in our crowded undergraduate curricu- 
lum, I would certainly appreciate learning of it.’’ 


XVII. ADEQUACY OF AVAILABLE MATERIAL 

The quality, quantity and adequacy of available ref- 
erence material is also a matter of controversy. More 
than 10% of the replies indicated dissatisfaction with 
existing information. The were well sum- 
marized by eight different commentators, which blend 
into one unrehearsed chorus: 

(a) “There is a lot of material in print on welded de- 
sign, but most of it deals with specific examples or is of a 
promotional nature, and at times it is hard to distin- 
guish the grain from the chaff, so to speak. The ma- 
terial on welded design in college textbooks should, 
therefore, meet the following requirements: 

“1. It should be unbiased, not just a sales talk on 
welding, but an attempt to represent welding 
in its proper perspective in relation to casting, 
forging, and other methods of fabrication. 

“2. It should emphasize fundamentals and basic 
principles in welded design, such as calcula- 
tion of stresses involved, in the effect of stress 
risers, location of welds, cost, types of con- 
struction that can be used such as, for exam- 
ple, the box-beam type, how to cope with 
distortion, how to eliminate weight, how to 

improve the appearance of welded products, 


needs 
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how to design jigs and fixtures for welding, 

ete. 

It should attempt to teach the student to use a 
new approach in designing for welding, not 
just merely thinking in terms of old methods 
of fabrication such as riveting, for example.”’ 
(b) “. . . the most up-to-date material on advance- 

ments in welding and welded design is certainly de- 
sirable. The best job of presenting good foundation 
material to the most students of design will come when 
writers of textbooks are themselves properly informed 
and can include such material in a clear and permanent 
form. Efforts of individual instructors to keep in- 
formed by their own research in order to pass it on to 
students, are of course probably helpful to their own 
students; but such efforts result in much variation in 
selection of material, quality of material, and (since it 
involves another demand on instructor’s time) quantity 
of material. 

“Tt would seem to me that the easiest method of get- 
ting to the writers would be by cooperation with the 
publishers who usually know of texbook work in 
progress. 

“Textbooks which are presently used discuss dif- 
ferent welding methods, weldability of materials by 
some of these methods, and analysis of stresses in simple 
welded joints.” 

(c) “The fundamentals of welded design are treated 
in a very elementary manner in most texts on machine 
design. The average student loses interest almost im- 
mediately upon reading some of the general statements 
and finding only the simplest principles of stress analy- 
sis applied to welded joints. Machine design texts are 
undergoing a change toward more emphasis on funda- 
mental principles rather than presenting the force 
analysis of stereotyped assemblies. The student has 
been trained beyond the empirical methods used in 
the presentation of welded joints in the average text; 
it is a distinct letdown and a disappointment to him.”’ 

(d) “If the welding industry prepared a first class 


_ textbook, the problems and solutions of which are 
_ worked up by an experienced teacher of engineering 


students, under guidance of an expert welding de- 
signer, then the experience of practical designers could 
“be combined with the experience of presentation. Ex- 
_perienced engineers know their work but frequently fail 
‘to grasp student psychology. Our teachers do not 
“know modern welding design. Let us get together.”’ 
 (e) “It has been my hope that in the future the 
Pyacame Society would come out with a good book 
bringing out first, the metallurgical considerations: 
secondly, an exhaustive section on properties not only 
of the metals welded but of their geometry after weld- 
ing, and also such considerations as notch effects, 
fatigue, dynamic loading, triaxiality, ete. Finally, 
design practices could be brought out. 

“Perhaps this is a large order, but I believe that a 
book of this sort would do much toward the ends of in- 
struction in a technical school.”’ 

(f) “If a good handbook were made available for 
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distribution to students in the design course there is no 
doubt that we would at least add to our present cover- 
” 

(g) “As far as teaching welded design in engineering 
colleges in the future is concerned, unbiased material on 
welded design will have to be incorporated in the text- 
books themselves all of the way along the line from the 
shop courses, through mechanics and mechanics of ma- 
terials to machine and structural design. Many pres- 
ent day textbook writers are themselves not ac- 
quiainted very thoroughly with welded design. So, | 
also heartily recommend that sections or chapters on 
welding be written by welding engineers. Books on 
machine design are getting to be too much for one man 
to write anyway—they should be cooperatively writ- 
ten by several men.” 

(h) “We have found it rather difficult to abstract 
material from the publications of the AMERICAN 
WeLpING Society and other interested organizations 
for presentation to undergraduate students. The 
problem is further complicated by the lack of time or 
thorough grounding in the more fundamental aspects 
of welded design.”’ 


XVIII. 


In the absence of more nearly ideal material, as de- 
scribed by the foregoing, the following were reported 
as being used: 


REFERENCES BEING USED 


Books: 


Welding Fundamentals—Rigsby 

Weld Design—Churchill & Austin 

Welding & Its Applications—Rossi 

Structural Design in Metals—Williams & Harris 
Design of Machine Members—Vallance & Doughtie 
Design of Machine Elements—Faires (Chapt. 19) 
Design of Modern Steel Structures—Grinter (Chapt. 3) 
Manufacturing Processes—Begeman (Chapt. 8) 

Tool Design—Donaldson & LeCain (Chapt. 7) 

Metals & Plastics—Thomas P. Hughes 


Technical Society Literature: 
Standard Welding Symbols—AmericaNn WELDING 
Society 
Std. Specifications, 
Bridges—A.WS. 
Welding Handbook—A.W.8. 
We JourNAL—A.W5S. 
A.LS.C. Specifications 
Industrial Publications: 
Are Welded Steel Structures 
Reduction Sales Co. 
Practical Are Welding—Hobart Bros. 
FLEXARC Data Book—Westinghouse Electric Corp. 
Lessons in Are Welding—Lincoln Electric Co. 
Procedure Handbook of Arc Welding—Lincoln Electric 
Co. 
Design for Welding—Lincoln Are Welding Founda- 
tion 


Welded Highway & Railway 


Design Manual—Air 
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XIX. MATERIAL REQUESTED 

(a) “It would be helpful if we could have more in- 
formation on various types of welding, various applica- 
tions, with specimens of typical welded joints. More 
information on advantages and disadvantages would be 
helpful.” 

(b) “We would appreciate receiving any material 
which would help give our engineers a good background 
of welding information.” 

(c) ‘Any charts or supplementary material such as 
A.W3S. 
qualifying welding operators, that you send us will be 


rod specifications, welding symbols, tests for 


deeply appreciated.” 

(d) “We would appreciate receiving literature which 
you may have available which would assist us in bringing 
to the attention of our students the latest information 
on welded fabrication of industrial equipment and 
structures.” 

(e) “We would also like more information on the 
limitations and costs of welding as compared with other 
types of joints.” 

(f) “I believe it would be advantageous to have ma- 
terial covering applications of welded construction in all 
phases of civil engineering.” 

(g) ‘‘Are copies of the Welding Handbook available 
for purchase at student rates—or are excerpts from the 
Handbook available for distribution to 
(The answer is that the A.W.S. Handbook can be se- 
rates, a 33'/;% discount, but. still 


students?” 


cured at student 
$8.00.) 

(h) “We should be pleased to receive information. on 
the following: 

“1. Characteristics of a good spot weld and how to 

obtain it. 

“2. Spot welding different materials, including the 

effect of thickness of sheets. 

“3. Electrode materials. 

“4. Seam welding—control, electronics, techniques. 

“We desire to present some of this information in our 
industrial electronics course.” 

There were numerous essentially duplicating re- 
quests, but again there is a limit: ‘We are already 
handing out to the students so much additional detailed 
literature that I doubt if they would pay adequate at- 
tention to any further material on welding.” 


XX. ENCOURAGING WELDING EDUCATION 

In addition to the matier of textbooks and other sug- 
gestions previously discussed, specific suggestions were 
received for providing ways and means to further more 
welding education within the undergraduate frame- 
work. Among these were: 

(a) “I feel that the AMeRICAN WELDING 
should investigate the present efforts of the Foundry 
Educational Foundation in providing summer employ- 
ment and scholarships for able undergraduate students 
who might go into this field. I would particularly like 
to underline the viewpoint of the F.E.F. in selecting 
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not only metallurgists but also business and mechanical 
engineering majors. I believe such scholarships in 
welding engineering could also be useful in attracting 
civil and electrical engineering majors to the field of 
welding. Such an effort pursued for a number of years 
can develop sufficient momentum so that it may be re- 
laxed from a financial standpoint in a few years and 
will continue under its momentum thereafter. 
This we consider very important because we must of 


own 


necessity concentrate on materials and processes in the 
foundation courses in Metal Processing. It is only to 
the students who elect professional courses in welding 
that we can give a ‘feel’ for design. 

“In foundry engineering before the start of the 
scholarships, we had about one to three bachelor theses 
students per year; now we have about thirty. In 
welding engineering we have only one to four theses per 
vear.”’ 

“T believe this state of affairs can be improved pro- 
vided that the industry in cooperation with the AMERI- 
CAN WELDING Society can join together to provide for a 
number of years modern apparatus and scholarships.” 

“In closing let me emphasize that our Instructing 
Staff is at all times interested in the efforts of the Edu- 
cational Committee of the AMERICAN WELDING 
Society.” 

It should be pointed out that some schools object to 
this outlined procedure. They feel this proposed proce- 
dure is noncompatible with training in fundamentals 
and there is also some aversion to commercialism. 

(b) Enlist the aid of the engineering professors by 
legitimate, professional and understanding cooperation. 
Present the subject on its own merits. Avoid bias, 
overemphasis and commercialism. 

“T am interested and should like to help the A.W.S.” 

(c) Further encourage students to participate in the 
preparation of theses in some form of the welding prob- 
lem and to prepare and enter original papers in local or 
national competitive contests. 

“Another way in which we have attempted to en- 
courage study in this field on an extracurricular basis is 
by giving publicity to the national contests in welding 
design. One of our students was a winner in one of 
these contests last year.”’ 

“One of his advanced students won a $1500 prize for 
the design of a welded bridge.” 

(d) ‘‘May I suggest that you enlist the cooperation 
of the appropriate commitiees of the Founder Societies 
and of the A.S.E.E. 
might prove to be of mutual value 


Their contacts and suggestions 
There is always 
the advantage of numbers.” 

(e) Encourage students and instructors to take in- 
spection trips into industrial planis and encourage 
industry to invite engineering students and instructors 
to make such trips. 

“My past experience has been that by taking students 
into the actual shops where fabrication is being done 
gives them a much more lasting impression than by any 
other method.” 

(f) Encourage instructors to spend summers in in- 
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dustry and encourage industry to make suitable ar- 
rangements for instructors to find stimulating and 
profitable employment during such periods. 

(g) Encourage “people who are authorities on weld- 
ing and principles of welded design to come and give 
lectures to the students.” 

(h) Encourage more widespread usage and distribu- 
tion of available motion picture films (List available 
from Executive Secretary, AWS, 33 W 39th St., New 
York, N.Y.). 

(7) ““‘We could use demonstration models of special- 
ized welding equipment if it were to be made avail- 
able.” 

(j) “Perhaps local A.W.S. member contacts with the 
teachers of engineering would be of value. If the 
teacher realizes that the potential employer of his stu- 
dents has a specific desire, and can justify it, I am sure 
that attention will be generally given, within reason.” 

(k) More laboratory facilities are needed by some in- 
stitutions. Laboratories are expensive. 

“However, recommending the laboratories is one 
thing and that of providing the facilities, another; 
and, as you well know, providing equipment for the 
instruction of student engineers in machine shop prac- 
tice and welding design is a very expensive proposition. 
Since an educational institution does not operate on a 
profit basis, we are unable to provide these facilities due 
to the high cost involved.” 

“Tn expressing my personal opinion, I think it is up 
to the various industries as a group to assist the educa- 
tional institutions in providing such equipment, for I 
think in the long run that they will benefit to a con- 
siderably greater extent than the cost involved in pro- 
viding such facilities. This is my viewpoint on this 
matter, and I am ready to go ahead on instruction in 
the field of welding design and machine shop work; but 
the majority of educational institutions do not have suf- 
ficient funds necessary for providing such facilities.”’ 
(On the other hand, if every corporation contributed to 

| every worthy cause for which they are requested to 
_ make contributions, little would be left to operate the 
business.) 


(l) “In our graduate courses the most effective way 

to promote teaching of welding design would be for in- 
dustrial organizations to make funds available for small 
scale graduate research. It would seem very helpful to 
set up a definite program to encourage and support re- 
search and thesis study on a graduate level in welding 
design and engineering.” 
(Actually, there is an extensive University Research 
setup of long standing, with the various institutions on 
the one hand and the Welding Research Council, 33 W. 
39th St., New York, N.Y., on the other hand.) 

(m) Provide employment assistantance to graduates 

“it would be highly important to know what possibili- 
ties of placement there would be for students specializing 
in this field.” 

(n) “To close the gap between out-of-date textbooks 
and the frontiers in practice, periodic summaries of 
trends and research would greatly assist the instructor. 
Such progress reports need not be lengthy. Closer 
Industry and University relationships are necessary for 
a better appreciation of the problems of each. Your 
inquiry is a step in this direction.” 

(0) Do not carry this to an extreme however because, 
“At present, great quantities of good material from 
kind and helpful manufacturers and societies go directly 
to the wastebasket because we must decide what we can 
do and what we can’t.” 


XXI. THE REMAINING CHALLENGE 


“T agree with you that we could do more toward ad- 
vancing the subject of welding in the colleges, and it is 
something we must face in the near future; but at 
present, at least for the Civil Engineering student, the 
question is, how?” ° 

A partial answer is given herein by the many educa- 
tors in their own words. Another portion can, well 
within the bounds of propriety, be provided by the 
combined efforts of the A.W.S. Educational Committee. 
The writer of this report refrains from individual recom- 
mendations at this time. That is the function of the 
full Committee. 
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Are Welding Stainless Steel Without Columbium 


§ Corrosion resistance is obtained without columbium by weld- 
ing extra low-carbon steels with extra low-carbon electrodes 


by Richard k. Lee The arc-welding industry can best be served by a 
broader understanding of this problem which to a large 
degree has been known only to the metallurgist. 


HEN weldments of stainless steel (chrome 
nickel) could not be annealed after welding or 
when the weldment was used in service in the REASON FOR HEAT-AFFECTED ZONE 
temperature range of approximately 800 to 1500° 
F., it has been necessary to add columbium for the 
purpose of preventing intergranular corrosion in the 
heat-affected zone. It is the purpose of this discussion 


The success of are welding is dependent upon suf- 
ficient heat to completely fuse both plate and weld 
metal into one integral part. The weld metal reaches 
Sweat . a temperature above its melting point in the neighbor- 
to reduce the phraseology ordinarily used to describe ; : “ee xs 

; F ‘ : . hood of 2900 to 3000° F. The plate metal near the 
this phenomenon to simple terms and _ illustrations. 


weld is, of course, at a very high temperature during 


Ri s Vice-Preside Ch pseare oy Rods Co 
the welding operation, because it is in contact with the 


HEAT-AFFECTED ZONE 


Fig. 1—Type 304 plate metal and 
type 308 weld metal in as-welded 
condition. Note intergranular cor- 
rosive attack in heat affected 
zone. Etchant: 10% NaCN elec- 
trolytic. Magnification 250X. 
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Fig. 2 Butt weld made with '/,-in. Type 
304 plate and welded with Type 308 - 
trodes. Note dark bands of corrosion 
due to carbide precipitation in heat- 


Fig. 3 Butt weld made with '/2-in. 
Type 347 plate and welded with Type 
347 electrodes. Note absence of cor- 
rosion in heat-affected zones, when 
columbium stabilized plate and elec- 


Fig. 4 Butt weld made with ‘/:-in. 
Type 304 ELC plate and welded with 
‘ype 308 ELC electrodes. Note ab- 
sence of corrosion in heat-affected 
zones, when ELC plate and ELC elec- 


affected zones. Etchant: 10% nitric, 
3% hydrofluoric acid solution, 12 hr. at 
175° F. Actual size 


molten metal and, therefore, reaches a temperature 
just below melting—around 2600 to 2700° F. 

As compared to ordinary carbon steel, chrome-nickel 
stainless steel has very poor thermal conductivity or 
ability to carry away and dissipate the heat of the 
weld metal. Therefore, a sharp temperature difference 
exists which confines most of thie heat to a narrow band 
or zone which is between 800 and 1500° F. a short dis- 
tance from the weld metal for a relatively long period 
of time. This zone is commonly known as the heat- 
affected zone (Fig. 1). The welder has proof that this 
zone exists because immediately after completing a 
stainless steel weld he can place his finger within 1 in. 
of the weld, whereas this would be impossible to do on 
ordinary carbon steel without considerable discomfort. 


INTERGRANULAR CORROSION 


When austenitic stainless steels (chrome-nickel) 
are heated to the temperature 
range of 800 to 1500° F. and held 
for any appreciable period of time 
such as occurs in the heat-affected 
zone described above, chromium 
_ carbides precipitate at the grain 
boundaries. The formation of 
_ chromium carbide results in a de- 

pletion of chromium at the grain 
boundaries with resultant failure of 
the plate when used in critical cor- 
rosive service (Fig. 2). 

The addition of columbium or 
titanium will inhibit or prevent the 
formation of chromium carbide 
because both of these alloys have 
greater affinity for carbon than has 
chromium. Thus, the preferential 
formation of either columbium car- 
bide or titanium carbide allows the 
chromium to go about its business 


Fig.3. Etchant: 
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trodes are used. Etchant: 
tric, 39% hydrofluoric acid solution, 12 
hr. at 175° F. Actual size 


Fig. 5 Butt weld made with '‘/:-in. 

Type 347 plate and welded with Type 

308 ELC electrodes. 

109 nitric, 3% hy- 

drofluoric acid solution, 12 hr. at 175° 
Actual size 


10% ni- trodesare used. Compare with Fig. 3 

Etchant: 109% nitric, 3% hydrofluoric 

acid solution, 12 hr. at 175° F. Actual 
size 


of resisting corrosion (Fig. 3). 


COLUMBIUM IN SHORT SUPPLY 


The United States Government has recently placed 
columbium on the critical list of strategic materials and 
ordered that its use be confined to aircraft and other 
important defense projects. 

As stated above, titanium has characteristics similar 
to columbium and on most weldments could be sub- 
stituted in the plate metal. Unfortunately, titanium 
cannot be substituted in the welding electrode because it 
is easily oxidized and very small quantities are recovered 
in the weld metal after transferring across the are. 


IMPORTANCE OF CARBON CONTENT 


The obvious answer to the problem of carbide pre- 
cipitation and resultantly poor corrosion resistance is to 
remove the carbon. It has long been known that up to 


Fig. 6 Butt weld made with '‘/,-in. 
Type 321 (titanium stabilized) plate 
and welded with Type 308 ELC elec- 
trodes. Compare with Fig. 3. Etch- 
ant: 10% nitric, 3% hydrofluoric 
acid solution, 12 hr. at 175° F. Actual 
size 


Compare with 
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HEAT-AFFECTED ZONE 


WELD METAL 


Fig. 7—Type 304 ELC plate metal 
and type 308 ELC weld metal in 
as-welded condition. Note ab- 
sence of any intergranular corro- 
sive attack in heat affected zone. 
Etchant: 10% NaCN electrolytic. 
Magnification 250X. 


0.02% carbon will remain in solution in austenite at 
temperatures of 800 to 1500° F. For example, in a 
stainless steel containing 0.07% carbon, only 0.05% 
will precipitate as chromium carbide with the balance 
of approximately 0.02% remaining in solid solution. 
Carbon contents of 0.02% maximum are not practical 
for steel mills to produce. Long-time investigations 
have shown that only a slightly greater carbon content 
of 0.03% maximum is, for all practical purposes, low 
enough to prevent appreciable carbide precipitation 
after short-time exposure to temperatures of 800 to 
1500° F. 


LONG DEVELOPMENT PERIOD 

Since 1945 the extra low carbon grades of stainless 
steel have been under test and development by several 
steel mills. Many weldments have been in successful 
operation since 1948 in a wide variety of industrial 
applications. Figure 4 shows the same resistance to 
corrosion when Type 304 ELC plate is welded with 
Type 308 ELC electrode as Fig. 3 when columbium is 
used in both plate and electrode. 


VERSATILITY OF EXTRA LOW-CARBON 
ELECTRODE 


Extra low-carbon (ELC) electrodes may be used 
successfully to weld Type 347 plate (columbium sta- 
bilized Nor Type 321 plate (titanium stabilized). Figure 
5 shows an accelerated corrosion test of Type 347 plate 
welded with Type 308 ELC electrodes. Figure 6 shows 
the same corrosive test of Type 321 plate welded with 
Type 308 ELC electrodes. No corrosive 
attack are present in either of these two weldments 
and the same resistance to corrosion is shown as in Fig. 
3. 


zones of 


Type 316 ELC electrodes are also available for weld- 
ing Type 316 ELC plate and Type 318 plate (316 
columbium stabilized). 

This discussion should be of interest to those who 
use Type 347 and other columbium stabilized electrodes. 
The author wishes to express appreciation to the 
Armco Steel Corp. for the photographs shown herein 
and for invaluable assistance during the many years of 
electrode development work. American ingenuity 
has again solved a most perplexing problem at a time 
when our future as a free nation may well depend upon 


the conservation of critical metals. 


Lee 
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Profitable Spare Time Welding Shop Jobs Can 
Be Sold to Home Owners and Farmers 


by L. J. MacLennan, Jr. 


HERE are many profitable spare time jobs that may 
be done with scrap sections of sheet metal, plate 
and salvaged chain links. 

If you wind up the regular job with small sec- 
tions of sheet metal or plate why not consider putting 
this scrap to profitable use? Fabricating some of the 
functioi«) and ornamental items shown in these draw- 
ings requires nothing more than a welding and cutting 
torch. The chain used for the mail box upright can 
usually be found in the local scrap yard. Many times 
it is right in your own yard. 

The “upright” for the mail box may be as upright 
as you care to make it. The novel effect however is 
welding the links in snake fashion. The lower section 
of the chain is welded very solidly so that it will pro- 


L. J. MacLennan, Jr., is connected with Air Reduction Sales Co , & division 
of Air Reduction Co . 
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vide a firm support when embedded in the ground. 
The neater the weld of the individual links of the sec- 
tion above ground the more effective the trick. The 
weld sections may also be covered with a coat of paint. 
Weld a small metal plate to the upper link which will 
serve as a base for the mail box. The mail box may be 
welded to this plate. 

The footscraper is made of two sections of scrap 
plate welded together. The upright section is flame cut 
to the shape of any simple design. The upright and 
the base sections are then butt welded. Drill holes 
in the base section so that the scraper may be firmly 
screwed to the porch. 

Any lawn can be made more attractive through the 
addition of Mother Duck and her family. Nothing 
more than scrap sections and a little paint are required 
to own this family. 

Weather vanes, whether they be ornamental or func- 
tional, dress up a building. We recommend that 


| 
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Figure 3 
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heavier plate be used for the ornamental type and 
lighter gage sheet metal for the functional model. A 
rod should be welded to the arrow at the point of balance 
This 


is not too important if the weather vane is only orna- 


if the weather vane is to be of the functional type. 


mental. 


These line drawings may be enlarged, if desired, to 
serve as templets. 

Scrap used for fabricating these items may be much 
more profitably disposed of than scrap sold as such. 
Start saving those end sections for ‘‘the rainy day’’ jobs. 
Any home-owner in your neighborhood will be a good 
prospect for any or all of these items. 


by P. J. McGonagle 


EEPING parts new longer is important to any one 
who owns and operates machinery. When parts 
such as cams, conveyor screws, shovels, hand 
trucks, plowshares, grader blades and clutch fing- 

ers wear they must be replaced or repaired. 

Hard-facing—adding hard, wear-resistant alloys to 
the parts that get the most use—is the answer. Parts 
that formerly were sent to the scrap pile can be hard- 
faced and put back into service for less than the original 
cost. New parts can be hard-faced so that the pro- 
tective surface will outwear unprotected surfaces from 
2 to 25 times and more. 

The hard-facing operation is simple 
do it. Remove all paint, rust or dirt from the surface 
to be hard-faced. Then use the proper hard-facing rod 
for the job. Adjust the blowpipe flame so that it has an 
excess of acetylene with a bright secondary flame or 
feather, surrounding the inner cone. This feather 
should be approximately 2'/, times the length of the 
inner cone. 


here is how to 


Division of Union Carbide and 


P. J. McGonagle, Linde Air Products Co, 
Carbon Corp., Cleveland, Ohio 


Fig. 2 


Fig. 1 Worn cams used in machinery Fig. 3 
can be made better than new by hard- 


facing the wearing surfaces 
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Hard-Facing Increases Part Life 


Usually a '/s-in. thick deposit 
of hard-facing alloy is enough pro- 
tection on conveyor screws 


ick coating of hard-facing 
alloy on the wearing surface increases 
life of clutch fingers many times 


Practical Welder and Designer 


Heat the surface until it just begins to sweat. Then 
bring the hard-facing rod into the flame and let it melt 
onto the sweating surface. It will spread over the en- 
tire sweating area. Use the welding flame to spread 
the molten rod; do not stir the puddle with the rod. 
As the puddle spreads, bring the rod quickly into the 
flame again and with the rod touching the puddle, melt 
more of the rod into the spreading puddle. Continue 
these steps until the entire area is covered. It is best 
to cover the area in one operation. When the proper 
amount of rod is deposited, draw back the flame slowly 
from the puddle to prevent cracks or shrinkholes. 


Fig.4 Thelife of 
ordinary hand 
shovels can be in- 
creased from two 
to three times by 


hard-facing 


= 


Fig. 3 
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Prongs and skids on hand 
trucks will last many times longer 
without repairs if they are hard-faced 
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Desion Data for Brazing—Part | 


§ The material presented is design data recommended by the 
Welding Section of the Schenectady Works Lab. and is being 
used by Design Engineers within the General Electric Co. 


by W. J. VanNatten 


T IS a fact that the welding processes play an ever- 
increasing and important part in Industry through- 
out the world today. If one were to analyze the 
manufacture of most of the fabricated metal prod- 

ucts in the country it would undoubtedly be found that 
these products could not be made efficiently, economi- 
cally and with the highest degree of quality if it were not 
for the joining of parts and assemblies by using some 
welding process. 

Since brazing is now considered a welding process 
it takes no stretch of the imagination to see that this one 
process has its ever-important field of application. 

To better understand what the term brazing means 
the following definition as set forth by the AMERICAN 
WELDING Soctery is offered: 

Brazing is a group of welding processes wherein 
coalescence* is produced by heating to suitable tem- 
peratures above 800° F. (427° C.) and by using a non- 

i ferrous filler metal which has a melting point below 

’ that of the base metals. The filler metal is distributed 

' in the joint by capillaryt attraction. 

; In general the application of brazing consists of two 
' parts; first, the proper design of the parts and secondly, 
the actual joining of the parts or assemblies by the use 

_ of a good brazing procedure. 

This article covers only the first part, namely, basic 
design fundamentals of brazing which must be adhered 
to so that Engineering requirements may be met. 
| The index which follows shows the material which 
pel be covered in this and future articles. 


INDEX 


Introduction 
I. Base Materials 
Base Materials Chart 
Qualification of Base Materials in Chart 


W. J. VanNatten, Welding Section, Schenectady Works Lab., General 
Electric Co., Schenectady, N.Y. 


“A Joalescence expresses the idea of uniting or joining by “‘growing. to- 
gether.” 

+ Capillary attraction is the phenomenon by which adhesion between the 
molten filler metal and the base metals, together with surface tension of the 
molten filler metal, distribute the filler metal between the properly fitted sur- 
faces of the joint to be brazed 
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If. Filler Metals and Fluxes 
A. Copper Filler Metal 
B. Silver Alloy Filler Metals and Fluxes 
C. Aluminum Alloy Filler Metals and Fluxes 
D. Other Filler Metals and Alloys 
III. Basic Design of Joints 
A. Lap (shear) Joints 
B. Searf-Butt Joints 
C. Straight or Square-Butt Joints 
D. Illustrations of Joints 
(1) Preplacing of Brazing Alloy 
(2) Venting of Closed Containers and Hollow 
Bodies 
(3) Supporting Parts and Assemblies During 
Brazing 
(A) Self Jigging 
(B) Spot Welding 
(C) Tack Welding 
(D) Staking, Crimping, Spinning, Expand- 
ing 
(E) Pins, Screws or Bolts 
(F) Jigs and Fixtures 
IV. Brazing Processes (Heating Methods) 
A. Resistance Brazing 
B. Induction Brazing 
C. Furnace Brazing 
D. Gas Torch Brazing 
E. Metal Bath Brazing 
F. Flux Bath Brazing 


INTRODUCTION 


The information in the Design Sections has been 
prepared with the idea in mind of supplying informa- 
tion to the Engineer simply and logically. 

Let us assume the Engineer, first of all, lays out the 
basic design of a part or assembly using the materials 
which he feels will meet the requirements. The next 
problem is the joining of certain parts of an assembly. 
Therefore the first consideration is what base metals 
can be brazed and what are the materials used for join- 
ing them. The base material chart shows what gen- 
erally used metals can be brazed and what filler metals 
are recommended. Assuming that the base metals 
he has in mind can be brazed the next problem is, 
what are the requirements of the joint. These require- 
ments may include mechanical strength, electrical 
contact, vacuum or leak tightness, temperature of joint 
in service, corrosion resistance, metallurgical factors 
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such as annealing or hardening the base metal during 
the brazing operation, and others. Requirements as 
mentioned above may or may not limit the filler metals 
The next problem is to be sure 
Illustrations and 


which can be used. 
that the joint is properly designed. 
types of recommended joints are given in the text of 
this Section which are known from experience to be 
basically sound. The Engineer is now at the point 
where the base metal, filler metal and joint design are 


known. 


I. BASE MATERIALS 


There is one or more recommended filler metals for 
brazing generally used base metals. Which filler metal 
is used depends pretty much on the requirements of 
the joint. 


which follows 
Gen- 


The Base Material Chart (Table 1) 
pertains only to general brazing applications. 
erally used base materials are charted against each other 
to give one or more recommended filler metals. The 
qualification of the base materials following the chart 
will give some idea as to the proper base material to 
use and what can be expected of this material after 
brazing. 

A note of caution is in order at this point. Where it 
is desirable to join base materials which have different 
rates of thermal expansion and contraction, be sure 
that this will not introduce a stress which will cause the 
joint to fracture. This factor greater im- 
portance as the size of the parts to be joined is in- 


assumes 


creased. 


Table 1—Base Material Chart 


Aluminum Aluminum - - - o 


Alloys Aluminum Alloys 


Alun- 
Fe Nickel inum 
rrous ilver Copper Alloys Alloys Alloys 
No. 1 2 3 5 6 7 8 9 10 11} 12 13}14}15 | 16} 17 
tae ~| 
Perrous Carbon Steels A,Bl |A,Bl [A,Bl |B1,B5] Bl Bl Bl | Bl - 
BA By 
Low Alloy Steels Bl Bl Bl 
3 Stainless Steels A,Bl }A,Bl |A,Bl | B1,B5 Bl Bl, Bi, Bl Bl Bl | Bl 81/51 -le 
Ba B4 , BS, B3 
Nichrome B1, B1,85|B1,B5 | Bl Bl Bl Bl Bl Bl | Bl 51 -| - 
Silver 5 Silver Bl Bl Bl Bl B1,B2 Bl, B2/B1, 52} 51,52] 581,52} 51,52) B81 | Bl Bij - 
Copper 6 Copper B1, 54] B1, Bs] B1 Bl, B2 Bl, Bl, 582] Bl | Bl | Bi -| - 
Alloys 7 Yellow Brass Bl, 51, BS] 51, BS] B1 Bl, B2 Bl, B2|51,52| 81, 51,82] 81,52) Bl | Bl -| - 
Red Brass Bl, B4} B1, BS B1,B4 Bl B1,B2 B1,B2/B1, 51, 52/ 51,52] 51,52 Bl | Bl 51] Bi - - 
a Phosphor Bronze Bl Bl Bl 51 B1,B2 B2| Bi, Be] Bl, 52/51, B2/ 71,52) Bl 1 51} Bl -| 
10 Beryllium Copper Bl Bl Bl Bl Bl, B2 Bl, B2/B1,B2| 81, B2| B1,B2| 51,82) 81 | | -| - 
11 Copper Nickel, 
Zinc Alloy 
(Nickel-Silver) Bl Bl Bl Bl Bl Bl E Bl Bl Bl Bl } Bl Bj Bl] Bl - = 
2 Cupro-Nickel Bl Bl Bl Bl B Bl E Bl Bl Bl Bl | Bl Bl} Bl] Bl -| - 
Nickel 3 Nickel Bl Bl Bl Bl B Bl E Bl 151 Bl Bl | Bi Bi] B1/ Bl - - 
Alloys B B 
B 
5 
7 


* It is essential that reference be made to 
on the filler metal and brazing procedure to be used. 
A-—Copper filler metal. See Section ILA. 
B—Silver alloy filler metal. See Section IIB: 
B1, B2, B3, B4 (a) (b) (ec), BS. 
C—Aluminum alloy filler metal. See Section LIC. 


“limitations and considerations 


”’ of the base metals which follow as this has a direct bearing 


Explanation of letters and numbers in each box of the base material chart: 
Each letter or letter and number in the box refer to the brazing alloy or alloys recommended for general use in brazing the two base 


materials which refer to that box. 
As an example take low-carbon steel and copper. 


Copper 


Stainless Steel|B1, B4 


In this case alloys B1 or B4 are recommended for use in brazing stainless steel to copper. 
engineering requirements which alloy is used. 
ommended he can then pick the alloy which will best meet the requirements of the application. 


It will depend on 
When the engineer refers to the alloy in Section II which is rec- 


No Base Material 
1 Carbon Steels 
foreign material can be brazed 
2 Low-Alloy Steels This refers to steels low in carbon (0.40% 
the following elements: 
3 Stainless Steels 


after brazing. (Note: 


granularly if the stainless parts are under stress during brazing. 
brazing to relieve stresses. ) 
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In general low-carbon steel up to 0.40% C max. which is free of scale, 


If corrosion resistance is required after brazing then specify 347 or 321 

eliminated if either of these two types are used and this type stainless will retain corrosion resistance 
Brazing alloys high in silver may attack high nickel-chromium steel] inter- 
Parts should be annealed before 
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Limitations and Considerations 


heavy oxide, dirt, 


grease or 


C max.) which may have low percentages of one or more of 
Nickel, chromium, molybdenum, tungsten, vanadium and cobalt 
Carbide precipitation will be 
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Nichrome When using silver brazing alloys the nichrome should be free of stresses. The silver (B1) in the braz- 
ing alloy penetrates the grain boundaries causing the nichrome to break or crack when stressed. 
It is therefore necessary that the nichrome be annealed before brazing. If, due to the application, 
the nichrome is stressed slightly then use a lower silver content brazing alloy (BS). 


Silver Silver will anneal at brazing temperatures. A minimum of brazing alloy should be used as the filler 
metal alloys rapidly with the silver. 

Copper Commercial tough pitch « _ er should not be used where hydrogen is given off such as in a oxygen- 
hydrogen torch comet reducing atmosphere in a furnace, etc. In cases where a slight amount of 


hydrogen is involved during the brazing process use deoxidized copper. Where a hydrogen atmos- 
phere is needed then use oxygen-free copper. 

Yellow Brass This material should not be used where the sections are so heavy that a long time is required to bring 
the parts to brazing temperature. Zine vaporizes from yellow brass when it is held at brazing tem- 
pase for long periods of time. This condition is aggravated even more in the free machining 
»rasses containing smal! percentages of lead. Since this material is hot short, it should not be 
stressed during the brazing cycle. 


Red Brass The same as for yellow brass. Not quite as critical as there is less zinc present. 

Phosphor Bronze 5% Phosphor bronze will anneal or soften at brazing temperatures. The more rapidly the joint can be 
brazed the smaller the annealed area. 

Beryllium Copper Beryllium copper fully heat treated will soften under ordinary brazing conditions. By silver plating 


beryllium copper the base metal can be brazed without the use of a flux using alloy B2 
Copper-Nickel- 
Zine Alloy ( Nickel- 


Silver) 
Cupro-Nickel 
Nickel The softening of nickel can be kept to a Me ol by brazing as rapidly as possible and by keeping 
brazing temperatures below approximately 750° C 
Monel Monel is subject to intergranular attack by silver brazing alloys even if under low stress at tempera- 


tures above approximately 750° C. The softening of Monel can be kept to a minimum by brazing 
as rapidly as possible and by keeping brazing temperatures below approximately 750° C. 

Inconel The softening of Inconel can be kept to a minimum by brazing as rapidly as possible and by keeping 
brazing temperatures below approximately 750° C. 

Electrical Conductivity Any method used to bring EC Grade of Aluminum to brazing temperature will cause annealing of the 


Grade Aluminum base metal 
Aluminum Alloys ALCOA 28 or 38 aluminum will become annealed when heated to brazing temperature. ALCOA 
ALCOA 28 538, 615 or 638 will become annealed when heated to brazing temperature but can be hardened 
; and aged to temper. Brazing sheets having a core of 3S, or J51S, may be used for special applica- 
538 tion. 
618 
638 


(To be continued) 


Construction of Fishing Trawler 


Same techniques employed in building *‘Juta” 
as those followed for World War cargo ships 


by William A. Palmer Not every boatman becomes the skipper of a liner 
and not every welder will have occasion to weld a 
trawler. But the story of the construction of Juta 
should be of interest to welders in general and should 
offer some welding or cutting ideas that can be applied 


INCE before recorded history men have “gone 
down to the sea in ships.” These were of wooden 
construction until the nineteenth century when 


it was discovered that steel, also, could be made to other jobs. 
to float. And finally, during World War II, the last This 57- x 17- x 6'/.-ft. ship, as illustrated in Fig. 1, 
word in vessel fabrication came with the building of is of 25-30 tons displacement. The hull is constructed 
welded cargo ships. of °/y-in. steel, the keel of '/:-in. steel and the deck 
Now this joining method has been adopted by Point of '/¢in. steel. All the sections were flame cut and 
Pleasant Iron Wks. in the construction of the fishing the assemblies were arc welded. 


trawler Juta. It is the first modern ship to be built 
along the lines of the old European wooden trawlers, 
brought up to the minute by flame cutting and are 
welding. 


The true cone bow and stern, quite unusual in a ship 
of this size, afford usable space to maximum width 
from the tip of the bow to the stern. The large sur- 

face area of this type of bow also tends to keep the ship 
eC well out of water in a running sea. And it will plane 
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above water surface in a normal sea, causing no drag or 
reduction in efficiency. 

The only two parts requiring heating for shaping were 
the bottom lowest sections of both the bow and stern 
cones. The stern construction is shown in Fig. 2. 

The welded cylindrical section at the stern (Fig. 3) 
forward of the rudder post is called a Cort Nozzle, which 
serves a dual purpose, (1) by keeping the trawler cables 
from snagging the propeller and (2) by directing a less 
turbulent flow of water to the propeller, it increases the 
speed and efficiency of the ship. 

The close-up view of the bow (Fig. 4) shows the 3-in. 
sheer guard pipe are welded to the hull to act as a fender. 


Fig. 1 
and arc welded 


Fig. 4 View of bow showing 3-in. 
sheer guard pipe arc welded to the hull Fig. 5 
to act as a fender. This was con- half-round steel 


structed of I'/,-in. round stock used 


to form gunwale trawling. 
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The 57- x 17- x 6'/,-ft. Fishing Trawler **Juta’’ was completely flame cut 


Hull section showing I'/>-in. 


stock 
chines to prevent cable wear while 
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The gunwale itself was constructed of 1'/2-in. half- 
round steel stock. This same material is also welded 
to the chine, illustrated in Fig. 5, from midship to stern 
to act as a further reinforcement at the chine by serving 
as a guard to prevent cables from rubbing against the 
chine while trawling. 

The two masts and booms (Fig. 6) were made from 
7-in. seamless steel tubing. In these sections all hinge 
mechanisms are welded. 

The ports and all-round holes in most hinged sections 
and other hull sections were cut with a Flash Circle 
Burner. 


Fig. 2 Stern section of ship showin 
lower part of “cone stern.”” The 
f lower section, just above the rudder 
post, is made of two */\-in. plates 
i which require heating befére shaping 
into cone and arc welding 


Fig. 3 Rear view of Cort Nozzle sur- 
rounding propeller which is used to 
keep the trawler from tangling in the 
propeller. This Cort Nozzle is of are 
welded construction as are the rudder 
and rudder post also shown 


Fig. 6 Typical mast and boom end 
construction made of 7-in. seamless 
steel tubing. The I-in. plates were 
flame cut to shape and the circles 
were cut with Flash Circle Burner to 
form a hinge and wire rigging anchor 
supports 


welded at 


(Closeup) 


| 
q 
155 


Silver Brazing Used on Billion- 
Volt Machine 


by E. W. Moles 


NE of the many interesting parts of the 2-3 billion 
electron-volt cosmotron at the Brookhaven Na- 
tional Lab. is the copper coil which will carry the 
very large current required to produce the neces- 

sary magnetic field. 

Plans called for the coil to be made up of extruded 
bus bars, */, in. by 2%/, in. by 52 ft. long. Stacked 
together, the bars were to encircle each of the four 
C-shaped quadrants of the cosmotron. A hole for 
cooling water was to run through the length of each 
bar. Two bundles of bus bars were to be used, spaced 
about 3 ft apart. At the end of each quadrant, the 
bars were to be turned 90° to join bundles and enclose 
the C-shaped quadrant at each end. Thus, a method 
had to be devised so that the long bars would not warp 
from the heat when they were joined or bent and to 
insure leak tightness and strength. 

Brookhaven engineers decided to join the long bars 
to shorter ones by means of oxyacetylene silver brazing, 
as shown in Fig. 1. There were 192 such bars with an 
additional 192 of an essentially similar design. 

Figure 2 shows the simple heating and silver-brazing 
jig which was used for the job. In silver brazing, jig- 
ging must be as light as possible, otherwise the jig may 
absorb heat and cause nonuniform heating which will 
result in a poor joint. Heating heads with threaded 
removable tips and plugs produce any desired heating 

pattern. The proper pattern for this job was deter- 
‘mined after making several sample joints. Quick 
‘acting shutoff valves on the jig help control the heat- 
jing. By merely flipping a lever, the oxygen and acety- 
ene supply can be turned on or shut off instantly. 

_ The first step in the operation is to prepare the short 
bar. After it is cut to length, the end is sealed with a 
copper plug. 


. W. Moles is Process Service Engineer with Linde Air Products Co., 
Division of Union Carbide and Carbon Corp 


Silver -brazed 


Fig.1 Here is atypical bar which makes up the copper coil 
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After the bar is bent, hole A is drilled, see Fig. 1. 
A copper tube is then silver brazed in the hole so that 
cooling water can pass from a bar in one bundle to a 
corresponding bar in the adjacent bundle. 

Fifty-two-foot bars are prepared by first plugging 


Fig. 4 A section of the bars in place on the cosmotron 
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a 
Fig. 2 This simple jig was ideal for the silver-brazing job : 
Fig. 3 A simple butt joint is used to join the bars 
7 
long bar 
| 
pars 


Then hole B is drilled 
in. in each tube 


up the water hole at one end. 
A sleeve is inserted at point B, ! 
Silver-brazing foil is wrapped around this 1-in. tube 
It is this tube which insures water tightness. 

After the bars are prepared as described above, they 
are ready for brazing. The surfaces to be joined are 
first thoroughly cleaned to remove scale, grease or dirt. 
The long bar is moved along rollers until one end is 
opposite the heating heads on the jig. A metal strap 
holds the shorter 4-ft. bar directly over the long bar. 
Areas of both bars to be joined are fluxed, then silver- 
brazing filler metal is placed between the bars. It is this 


joint that insures strength. The operator then clamps 
the bars in position. Oxyacetylene flames are turned 
on, and a simple butt joint is made in less than 1'/, 
min., see Fig. 3. 

The entire operation is repeated at the other end of 
Total time required to prepare one bar 
Figure 4 shows the bars in place on 


the long bars. 
is less than 4 min. 
the cosmotron. 
The joints in the bars have to be strong, since they 
are bent around the cosmotron and are under high mag- 
In tension tests, sample joints pulled at 
almost at the tensile strength of the bars. 


netic forces. 
45,000 psi. 


Welding versus Future 


by Dr. Alois Cibulka 


UR highways are taking a terrible punishment from 
ever-increasing weight of trucks and the greatly 
augmented speeds. 

Concrete pavings are unable to stand up under the 
heavy traffic; highway engineers are getting gray hair 
trying to keep up the roads, and the billions spent on 
construction of highways are practically wasted. 

Cracked concrete slabs cannot be repaired effectively ; 
they must be removed first and then replaced by heavier 
ones that in time will have to be rebuilt again. A 
vicious circle, that shall bankrupt our highway fin- 
ancing at the end. 


WHO’S FAULT IS IT? 


The highway engineers are blaming it on overloaded 
trucks; special police forces are checking up the trucks, 
jailing the truck drivers and heavy penalties are ex- 
tracted from the trucking companies, which blame 
again the engineers for the wrong design of pavings. 

The Engineer is the man who is supposed to know 
the laws of nature and apply them rationally for 
designs of structures so as to make these durable, safe, 
under the loads imposed. He should use materials 
best suitable for the expected service. 

Is he doing it in case of concrete highways? 


THE ANSWER IS “NO” 

In the past 35 vears of engineering practice the re- 
inforced concrete was my favorite and I designed struc- 
tures of it amounting to many millions of dollars. 

Concrete, unless very heavily reinforced just cannot 
possibly do the proper job. It is not elastic enough. 
Paving is subject constantly to shocks, vibrations, to 
temperature changes, water infiltration and freezing 


Dr. Alois Cibulka is connected with the University of Houston, Houston 
4, Texas. 
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lighway Engineer 


Practical Welder and Designer 


conditions for which concrete is a very poor material. 

Several years ago the writer was employed as a con- 
sultant on a projected “Toll Superhighway”’ from Chi- 
sago to California. This combination highway for 
personal cars and trucks up to 40 tons pay loads and 
for unlimited speed was economically a very sound 
proposition. 

Preliminary work und estimates made before the 
Second World War indicated a cost of one billion dollars 
and five years to build it. The estimates were based on 
the conventional construction similar to Pennsylvania 
Turnpike. After the war the much higher cost of 
materials and increased truck loads called for rather 
drastic revision of the plans. Conventional type of 
bridges and the concrete paving proved entirely im- 
practical. Some better and at the same time cheaper 
paving had to be found for the purpose. 

The result is shown on the accompanying print 
(R-9) with comments that are self explanatory. 

For obvious reasons the whole project was a top 
secret but the tests made on that paving were far more 
satisfactory than was expected. 

Unfortunately the head man, millionaire industrialist, 
died suddenly taking many of the secrets with him, 
and the project was abandoned. The writer was not 
free for several years to disclose the new design and 
this is the first it is being made public. 

In 1946 with materials and labor cost much higher, 
the cost of that superhighway would have been even 
less and time reduced to three years instead of five. 
All the bridges, all hangars for five airfields, all hotels 
and buildings were planned to be of welded construc- 
tion “RST” and most of the pavings for road and 
landing fields to be as shown on the drawing. It 
would have been the first “prefabricated’’ all-welded 
highway in history, thanks to ‘“Welding’’—the best 
tool available to the modern, progressive structural 
engineer, if he only would craw! out of his rut to see the 
light. Shakespeare was right “There is no darkness, 
but ignorance.”’ 
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RST Paving for Superhighways and Airfield Landing Runways 
- Le sult 
7s le Edges vse vn Tek 
| 10-0 ‘mes. width fer transportatiers. 
|_| 2 Sock sed Wrs 
steel plete shell permet Foll Size foil of ond of Forel Joint. 
Tach or lapmeld when Typical Cross-Section. 
cles t 3 Mphall - Grovel- To 
7" on top of well compoc ted road 
ection of Road, 
te Ponels are lard Lenglhwine or Crass-wise to suit 
Plan. 4 Scale. 
Bill of Material per Ex lO. 3:6 pone/s 
| Sived, bul nol dressed, 2 
shock, random width, 512 
& 10008 Stress grade, green 
Nails | common lbs 
Grbon Steel Plate STG \ 
honed 
C Typical Plan of Fanel-layout. 
Stays| Rods 55-43 lg 5% lbs. 
Welds 66 lin af Sillet 
WO of rods 
Por 10216 Panels add 20% 
Some important advantages of RST paving: all along the road. Freight charges for steel plates will be very 
| 1. It can be fully recovered and reused, ine luding asphalt. small; less than for cement. These panels are very light, about 
' 2. Street repairs are much quicker and far easier. 20% of concrete paving, and therefore over-all hauling costs are 
' 3. Traffic can be resumed within 12 hr. or even less. reduced considerably. Panels can be handled by magnetic 
' 4. Conerete pav ing is unyielding, not elastic and breaks under cranes so that several miles of road may be laid in a day with ease. 
ock loads. It deteriorates rapidly when e xposed to heat or to _ The road finished ean be used within 12 hr. for traffic. There 
‘ost. The expansion joints are very hard on tires, generally a is no time loss for curing as with concrete. Where grade changes, 
sat nuisance. Concrete cannot be poured without water the vertical transition curves are formed by short sections of 
hich poses a great problem in a desert. asphalt-covered concrete or by variation in thickness of asphalt 
5. Green lumber is the best shock absorber known and topping. 


wooden paving blocks were used for centuries all over the world 
exposed to all kinds of weather. 
In RST the timber core is hermetically sealed in steel shell ; 
just like green vegetables in a ean and therefore cannot de- Recommendations: 
teriorate in any possible way. Lanes for passenger cars only: 3-in. thick core, 22-gage shell. 
Asphalt topping is the best protection for metallic shell. It Lanes for trucks up to 10 tons: 3-in. thick core, 16-gage she'll. 
provides a smooth riding surface without any expansion joints Lanes for trucks up to 20 tons: 4-in. core, 16-gage shell 
and any damage is easily repaired. Lanes for trucks up to 30 tons: 5-in. core, 13-gage shell. 
The right of way for superhighway must be cleared of timber. Lanes for trucks up to 40 tons: 6-in. core, 10-gage shell. 


Instead of burning this valuable material small portable mills Nore: For 20-ton truck loads minimum thickness of concrete 

can saw it into 2- or 3-in. thick planks and timber thus obtained slab should be 12 in. for permanence. Road bed in any case 

areca 4 — nailed into suitable panels and enclosed in should be thoroughly packed and well drained all along. Asphalt 
netalhe shells 


provides very efficient seal against ground moisture. 
All the panels can be fabricated on flatears or special trailers , ° : 


This RST paving is far superior to concrete in every way as 
proved by trial test. 
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Fig. 1 Clean the spoke and inside of the rim. With an 
excess acetylene flame, heat to a dark red. Melt the rod 
and it will flow smoothly onto the clean, heated area 


llow to Braze Weld 


by B. K. Feinthal 


NE of the easiest repair jobs is fixing the loose 
spoke of a steel wheel with bronze welding rod. 
Here is how to do it. 

First, clean the spoke and rim thoroughly. 
That is the secret of all gooc braze welds. Scratch the 
metal clean and remove all oil, grease, rust and scale 
from the end of the spokes and from the inside of the 
A wire brush or steel wool will 


rim near the spokes. 


do a good job. 


GETTING READY 


Connect a small welding tip to your welding blow- 
pipe. You will need a piece of '/s-in. bronze welding 
rod as well as your bronze welding flux. Now light the 
blowpipe and adjust the flame so that it has a small 


excess of acetylene. 


> Set the spoke into its place in the wheel rim. Hold 
the inner cone of the flame about '/, to '/s in. away 
from the rim and heat the rim and spoke end. The 
, inner cone is the small white part of the flame. At the 


same time, heat the end of the welding rod and dip it 
into the flux. When the rod is hot the flux will stick to 
it. Do not use too much flux. Just a small amount on 
the end of the rod is all that isneeded. The heated spot 
on rim should be about as big as a half-dollar. Direct 
the flame at the rim and the spoke will be heated too. 


PROPER PREHEAT 


Fig. 2. When the rim and spoke are tinned properly hold 
the end of the bronze welding rod against the rim. Melt 


the rod to form a puddle about the size of a dime 


When the rim is too hot the molten bronze will boil 


and roll around like water on a hot stove. Draw your 
blowpipe back several inches. Let the metal cool 
slightly and melt the rod again. The molten bronze 
will not flow if the rim is too cool. Move the flame 


closer and get more heat in the metal. 


WELDING PROCEDURE 


When you use all the flux on the rod, dip the rod into 
the flux again. When the rim and spoke tin properly, 
hold the end of the welding rod against the rim. The 
rod will melt and form a puddle about the size of a dime. 
Place the rod in the puddle and move the rod in small 
circles to get weld metal on the spoke. Start to move 
the blowpipe and rod slowly around the spoke, keep 
adding molten metal from the rod. But be sure that 
the rim and spoke are at the proper temperature before 
the molten metal flows onto it. The puddle will move 
too, and the metal at the back of the puddle will begin 
If your welding rod sticks in the puddle, 
Just melt it loose with the flame. 


to harden. 
do not jerk it loose. 
The job is finished when you have circled the spoke and 
joined the spoke to the rim with weld metal. Clean 
off the flux with a file or wire brush. 

Wheels from hand trucks, dollies, mowers, tractors 
and some shop machinery can be repaired the same 
way when the spokes come loose. When the wheels 
are made from steel you can use steel or bronze welding 


rod to repair them. 


When the rim and the end of the spoke turn a dark 
red, you are ready to weld. Place the rod on the heated 
spot of the rim. The flame will melt the rod and the 
bronze will flow smoothly onto the heated rim and 
This is called tinning. 


Fig. 3 Get weld metal on the spoke too—deposit enough 
welding rod to join the spoke to the rim. Do not forget 
the flux 


spoke ends. 


B. K. Feinthal, Linde Air Products Co., a division of Union Carbide an 
Carbon Corp., Cincinnati, Ohio 
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Car Bumping Post 


CRAP material found around almost any railroad 
yard can be flame-cut and welded into a sturdily 
constructed car bumping post. The “A’-frame 
design of the post transfers impact to the track and 


into the ground. 


Supports are made of scrap rail, beveled on one end 
and heated and bent as shown in the accompanying 


diagram. 


block between the two. 
are then bolted to the track rail. 


The short bend of each support is drilled for 
track bolts and laid alongside the track rail with a filler 
Short bends and filler blocks 
A Steel place, ap- 


Courtesy Air Reduction Sales Co 
Figure 1 


proximately 12 in. square and from 1'/, to 2 in. thick is 
placed centrally between the upper ends of the supports 
and welded in place, as shown. 
tween support ends on striking plate. 


Allow at least 8 in. be- 


NEW method of machine-welding 
large quantities of rectangular alu- 
minum boxes, used to enclose var- 

ious types of communications equipment 
for the Signal Corps and other branches of 
the Armed Services, has been successfully 
developed at Federal Telephone and Radio 
Corp., Clifton, N. J., an associate of Inter- 
national Telephone and Telegraph Corp. 
The boxes, mass-produced in three differ- 
ent styles, range in size from 3 x 6 x 12 in. 
to5x 5x in. 

The system was worked out by Edward 
K. Smith, general foreman of Federal’s 
Sheet Metal Dept., in cooperation with 
Thomas Engel and Charles Wanamaker of 
the Linde Air Products Co., New York. 
In addition to providing fast, efficient pro- 
duction of a small but important unit, the 
newly developed method enables the com- 
pany to undertake a type of fabrication 
that would have been highly impractical 
under other methods because of heat dis- 
tortion and resultant high production 
costs, 

Mr. Smith described the aluminum box 
project as a major challenge to manufac- 
turing ingenuity. What was needed, he 
pointed out, was a mass-production 
method from which material warpage and 
rejections would be virtually eliminated. 
Moreover, from the standpoint of effi- 
ciency and economy, a method of produc- 
tion had to be devised in which corners of 
the rectangular boxes could be welded 
without burning through the material 
when the welding machine was rounding 
the sharp corners of the box. 

The method finally evolved and now in 
operation ingeniously overcomes these 
problems. 

For the actual welding, Heliarc welding, 
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Aluminum Boxes Welded 


Photo and Data Courtesy Federal Telephone and Radio Corp., Clifton, N. J. 
Figure I 


a method of inert-gas-shielded-are welding 
without flux is being used. In Heliare 
welding, an arc is struck between the work 
and a single tungsten electrode while an 
inert gas flows around the weld area, 
shielding the weld metal and preventing 
oxidation. The development of this elec- 
tric welding process opened the door to the 
easy fabrication of the hard-to-weld metals, 
stainless steel, aluminum and magnesium. 

One of the advantages of Heliare weld- 
ing is that no flux is required. Corrosion 
problems from flux are eliminated, and 
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there is no possibility of flux inclusions. 
Other advantages are the high weld qual- 
ity (the shield of argon gas prevents oxida- 
tion and assures clean, dense welds); the 
high welding speed; and the minimum of 
weld finishing required. 


The method, embodying suggestions to 
Mr. Smith by Mr. Engel and Mr. Wana- 
maker, also utilizes a standard shape- 
cutting machine in conjunction with the 
Heliare machine welding torch, precision 
jigs and fixtures. 
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by O. Br¢dsgaard 


ANGER No. 2 of the Kastrup Airport near Copen- 
hagen, Denmark, is shown in Fig. 1. The hangar 
measures 137 x 326 ft. with a clear opening at the 
front of 326 ft. The roof trusses are on 32.6-ft 

centers while the roof longitudinals supporting fire- 
proof concrete roofing slabs are spaced 15 ft. apart. 
The front truss, which makes up most of the weight of 
the hangar, must undergo very little deflection in order 
to permit sliding doors to operate. To reduce the load 
on the front truss, the roof trusses are supporied on 


columns 46 ft. from the rear wall so that only a small 
part of the roof load is taken by the front truss. 
The steel for the hangars was ordered to British 


Standard 15-1936. Testis showed that the elastic limit 


* Abstract of ‘ 
in L Métallique, 15 
by Dr. G. E. Claussen 


‘Les Nouveaux Hangars de l'Aéroport de Kastrup,”” pub- 
1 589-594 (Dee 50 Abstracted 


Fig. 1. 
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4 Welded Aircraft Hangar 


The steelwork of Hangar No. 2 at Kastrup Airport 


20,600 psi. 
for dead load plus snow and 22,800 psi. for dead load 
maximum 
individual 


was 40,000 psi. Permissible stresses were 


plus wind and snow. The builders made 
possible use of standard sections for the 
Necessary 
variations to standard sections were made by welding 
plates to the flanges of sections. It is much more ex- 
pensive to build a desired section from plates simply to 
save a little weight than it is to use standard sections. 
The width of the roof trusses being constant (8 in.), it 
was easy to assemble the members. The parabolic 
shape of the lower chord of the roof truss in the 
lever region is pleasing to the eye 

The loads on the front truss are too high to permit the 
Welded U sections therefore 
were used, Figs. 2, 3 and 4. The depth and width of 
the upper and lower members are the same. Thick- 
nesses were so chosen that the center of gravity of the 
member was not displaced from the axis. The maxi- 
mum and minimum plate thicknesses were 1.58 and 
0.32 in., respectively. The maximum loads were 830 
785 tons tension. 


members of the roof and wall structures. 


canti- 


use of rolled sections. 


tons compression, 
The tie rod in the 
ment is made of two plates, 


concrete pave- 
x 8 
in., calculated to take the horizon- 
tal reaction of the truss under full 


load This 


but only 2 


reaction is 276 tons 


maximum, 
dead weight only. The tie rod is 


welded at one end to the upright 
110-ton hy- 
draulic jacks, Fig. 5, put tension in the 


At the other end four 


VUE SUIVANT FLECHE B 


Souden atelier 608 
/ 192 _ 192 


Zsemeties 393.22 
Sme 361. 12 


Fig. 2. Detail of the main truss. 
lin. Ame = web 
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Dimensions in millimeters. 
{telier=Shop weld Chantier =field weld 
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Semelle = flange; 406.25 signifies 406 * 25 = I6in. 
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tie rod. The amount of tension was estimated from 
gages on the jacks. As the roof trusses were set in 
place tension was gradually applied to the tie rod. The 
total elongation of the tie rod was 2*/;,in. In this way 
strain was kept off the anchor bolts which were already 
in place. The calculated maximum deflection of the 
truss under total roof load was 1.06 in. The truss was - — “aie. \soug en 

made with this camber. Under dead load only, the atelier 
calculated deflection was 0.87 in., leaving a camber of 
0.19 in. Measurements on the truss under load showed 
deflections 10% less than calculated. 

Welding was used almost exclusively in assembling 
the hangar, */s-in. continuous fillets being used for the 
plates. Butt joints at 45° to the axis of tension were 
used in the upper and lower members of the truss to Soud. en 
conform with Danish specifications. These specifica- atelier 
tions require a reduction of 20% in tensile stress for 
butts perpendicular to the axis of tension. Most of the 


hd 


gussets in the main truss have rounded corners to avoid 
notch effect. A commercial covered electrode was used 
(Quasi Are Vortie B). All important joints were X- 
rayed. Most of the welding was done in the shop. 
The two end joints of the main truss were bolted in the 
field. 


\Raidisseur 


oud. en 

$ . Fig. 4 © Section G-H Fig. 2. @ Section I-J Fig. 2. 

atelier Raidisseur = stiffener, Gousset ep 25 = gusset I in. 
thick 


Section C-D, Fig. 2. 2) Section E-F, ‘ig. Hydraulic jacks applying tension to the tie 
Fig. 2. rod 
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the 


related events 


R.W.M.A. Prize Paper Contest 
Closes July 31, 1951 


The Resistance Welder Manufacturers 
Assn. has called attention to the fact that 
entries in their Prize Paper Contest must 
be mailed to arrive not later than July 
31, 1951. 

The Contest provides an opportunity 
to those in Industry or engaged in research 
laboratory work to compete for a first 
prize of $750, a second prize of $500 and a 
third prize of $250. 

Papers emanating from a_ university 
source (the author of which is either an 
instructor, graduate student or research 
fellow) are eligible to a $300 prize and a 
second prize in this classification of $200 

Undergraduate students may submit 
papers for a $250 award. 

The Contest is open to any one without 
restriction in the above categories located 
in the United States, its possessions and 
Canada, 

For complete details regarding the 
subject matter of the papers and other 
Contest Rules write direct to the Resist- 
ance Welder Mfrs. Assn., 1900 Arch 
St., Philadelphia 3, Pa. 


Third Meeting of Board of 


Directors 


The third Board of Directors meeting 
for 1950-51 of the American WeLbING 
Socrery was held in Parlor B on the Mezza- 
nine Floor of the Hotel Statler, Boston, 
Mass., at 10:00 A.M. on Monday, Feb. 12, 
1951, with the following in attendance: 

Members: H. W. Pierce, Chairman, 
C. H. Jennings, R. 8. Donald, L. C. Bib- 
ber, T. J. Crawford, O. B. J. Fraser, La 
Motte Grover, J. H. Humberstone, H. EF 
Rockefeller and J. R. Stitt 

Staff: J. G. Magrath, Secretary, F. J 
Mooney, Assistant Secretary 

Guests: R. M. Gooderham, Manager, 
Canadian Welding Bureau (in part), J 
Donovan, Chairman, Boston A.W.S. Sec- 
tion, H. Grosberg, Chairman, Bridgeport 
A.W.S. Section, L. I. Dexter, Secretary, 
Boston A.W.S. Section, J. W. Mortimer, 
Secretary, Hartford A.W.S. Section, F. L 
Brandt, Jr., and A. G. Hogaboom, Execu- 
tive Committee, Boston A.W.S. Section. 


Introductory 
On behalf of the National Socrety and 


its Board of Directors, Chairman Pierce 


May 1951 


activities «+ 


welcomed the Guest Officers of the New 
England Sections, asking that they feel 
free to take part in the proceedings in the 
order of their suggestions and opinions for 
business on agenda. He called upon J. 
Donovan, Chairman of the Boston Section, 
to acquaint the National Directors with 
the order of the Boston Section’s program 
for the evening following the Board meet- 
ing. Mr. Donovan complied, extending a 
blanket invitation to all Board Members 
to be guests of the Boston Section for cock- 
tails, 5:30 to 6:00 P.M. in the Campus 
Room of the Graduate House, M.I.T., 
Cambridge, followed by the Boston Sec- 
tion dinner, 6:10 to 7 P.M., and the Tech- 
nical Session, 7:30 to 9:00 P.M Accept- 
ance was given by the Board Members 
and their appreciation expressed 


Vembership Status 


The Assistant Secretary reported that 
the Socrery’s membership status as of 
Jan. 31, 1951, consisted of 6518 active and 
818 delinquents. For the 5-month period, 
Sept. 1, 1950, to Jan. 31, 1951, there are 
688 new member enrollments and we have 
lost 484, resulting in a net gain of 204 
Fifty new members have been enrolled in 
the first 9 days of February and 49 de- 


linquents reinstated 


Delinquency Period Extension 


In 1950, on approval of the Board of 
Directors, the delinquency period was ex- 
tended one month; termination date, 
ordinarily being March 31st, was extended 
to April 30th. The extension resulted in 
the reclaiming of fifty-seven members 
The Secretary recommended approval of a 
similar extension in 1951 

Action: It was unanimously 
extend the delinquency period one month 
in 1951 in an order similar to that effected 
in 1950 


voted to 


Vembership Billing 


The Board of Directors, at its meeting 
on Dee. 14, 1950, A.W.S. 
Detroit Section Officers’ proposal that the 


reviewed the 


present procedure of universal September 
Ist billing, with prorated billing to those 
joining the Socrery in the other months of 
date of admis- 
sion” or “anniversary” pattern After 
considerable discussion, the Board voted 
that the plan for individual membership 
procedure be accepted in principle but 
that no change be made until the plan had 
been submitted to each Section Manage- 


the vear, be changed to a 


Society Activities and Related Events 


ment, through the Section Secretary, and 
the majority replying had approved. The 
Secretary advised that as of Friday, Feb 
9, 1951, he had received ballots from 22 
Sections; 17 voting in favor of change to 
anniversary billing and 5 in favor of pres- 
ent procedure 
Action: It 
change the 
September Ist billing, to an ‘‘anniversary”’ 
pattern, with pro- 


voted to 
unltiorm 


Was unanimously 
present pattern ol 
or “date of admission 
visions for allowing individuals or organi- 
zations paying dues for one or more indi- 
viduals to designate the preferred date for 
payment. Further, to refer this action to 
the Constitution and By-Laws Committee 
requesting it to pre pare | reliminary word- 
ing of by-law revisions and submit same 
to the Board of Directors in time for con- 
Board at its scheduled 
1951 


sideration by the 
meeting on Muy 10, 


Correspondence Welding Course 


The decision regarding whether or not 
the Socrery should proceed with closing a 
contract with R. M. Gooderham, Manager 
of the Canadian Welding Bureau, was 
brought to the Board of Directors at this 
meeting for settlement 

Action: In view of the general feeling 
by those present that there were a number 
of hazards evident should the Socimry de- 
cide to promote Mr. Gooderham’s Corre- 
spondence Welding Course, it was decided 
that at this time the Sociery should reject 
Mr. Gooderham’s proposal The Secre- 
tary to extend the sincere 
appreciation ol the Socrery to Mr. 
Gooderham for his presenting this oppor- 


tunity to our SocreTy 


was directed 


Sustaining Member 


Wichita 1, 
and oil- 

trailer 
lanterns, 


The Coleman Co., Ine., 
Kan., manufacturers of gas- 
fueled home heating equipment; 
heaters, gasoline pressure-type 
camp stoves, galley stoves and other port- 
able units for cooking, heating, lighting 
and ironing. The company has pioneered 
in the field of resistance welding and cop- 
Factories in Wichita, Kan. 
(2): Toronto, Ont., Canada (2) and La 
Porte, Ind. Coleman products are sold 
world-wide and are used by 
United States and Canadian armed forces. 

The Sustaining (A) Member Represen- 
tative is E. A. Bussard 


per brazing 


extensively 
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CODES 


STANDARDS Air Reduction Sales Co... ..... .Outside back cover 
and SPECIFICATIONS The American Brass Company. . . 481 


standards available? Have you missed any of the 
earlier standards? This column is published as a American Manganese Steel Division , 495 
regularly monthly feature of The Welding Journal | 
to keep you abreast of AWS technical standards, 
which are universally recognized as the most au- 
thoritative source of welding information. 


The list of publications shown below is only 
partial; it is changed from month to month. 


Keep informed—read this column regularly 


D. INDUSTRIAL APPLICATIONS 


Buildings, Bridges, Tanks, Aircraft, Automotive, 
Pipe, Ships 

D1.0-46 Standard Code for Arc and Gas Weld- 
ing in Building Construction $1.00 

D2.0-47 Standard Specifications for Welded 
Highway and Railway Bridges $1.00 F | Metallurgical C 

D3.1-41 Report om Thermal Stresses and enstee etaliurgical Corp. . 
Shrinkage in Welded Ship Construction 

D3.2-44T Structural Failures in Welded Ship 

nstruction (Tentative) 

D3.3-48 Rules for Welding Piping in Marine 
Construction—Carbon Steel y 

D4.0-44T Weldability Standards for Alternate 
Aircraft Steels (Tentative) 

DS.1-47 Rules for Field Welding of Steel Stor- 
age Tanks 

*D5.2-48 A.W.W.A.-A.W.S. Standard - 
cations for Elevated Steel Water Tanks, 


Standpipes and Reservoirs : 
AWWAAWS. Linde Air Products Company, A Division of 


fications for Field Welding of Steel Water Union Carbide and Carbon Corporation 419 
Pipe Joints (Tentative) 
D8.1-46T Recommended Practices for Auto- P.R. Mallory & Co., Inc... . .. 411 
motive Flash Butt Welding (Tentative) é ‘ 
D8.2-48T Survey ot Automatic Arc and Gas Metal & Thermit Corporation. . 410 
Welding Processes as Used in the Automo- 
tive Industry National Carbide Company. . 486 
D8-3-50T Recommended Practices for Sal vag- 
io Automotive Gray Iron Castings by National Cylinder Gas Company , 485 
dards in Page Steel and Wire Division. . 475 


Ampco Metal, Inc. 
Bastian-Blessing Co... 

Becker Brothers Carbon Co.. . 
The Champion Rivet Company 
The Diversey Corporation. . . . 
Dockson Corporation. . 


Eutectic Welding Alloys Corporation 


General Electric. 

Hobart Brothers Company. . 

The International Nickel Company, Inc... 

Jackson Products........ Inside back cover 


The Lincoln Electric Company. . 473 


Pennsylvania Optical Company. . . 471 
The Sight Feed Generator Company. . . 470 
Special Chemicals Corp... . 476 
Square D Company. . 465 


Send your orders, or See for order forms con- Tweco Products Company. .Inside front cover 


taining complete list of AWS publications to: 


Union Carbide and Carbon Corporation 
Linde Air Products Company 412 


Dept. T, Victor Equipment Company. ...... 414 


American Welding Society Westinghouse Electric Corporation 478 


33 West 39th Street New York 18, N. Y JH. Williams & Co... ..... 476 
. . 
Worthington Pump and Machinery Corp...... 467 
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Non-Members $3.50 
NOTE: 25% discount to A and B members and 15% 

aa discount to C members of AWS on copies of any 

fa codes and standards listed above except starred 

items. 
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won-sYNCHRONOUS COMBINATION unit... one enclosure 
houses 4n electronic contactor to make and break 


ower circuit and a timer to govern weld duzation 


and electrode motion. 


No sequencing 


De Up to 400 welds pert minute. 
erating 


SPEE 
ix tube circuit cancels out Oo 


firing relays- 


e ac 


ed DC timing circuits insur 
e of line voltage variations. 


accu RACY © Regulat 
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CONSISTENCY e Timin 
tion to give consistent starting point and full cycles 
thus avoiding h 


g circuit coordinates firing relay 


opera 
of welding current, 
transformer saturation. 
Low MAINTE Pindustrial construction cuts 

plifies servicing- Disconnect plugs per 
{ timer panels. Entire timer, in- 
is removed in one piece without 
nnections. Two 4 turn 
ase swing-down panel making all 
points instantly acces 


-etant exchange © 
cluding power supply, 
disturbing © 
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components a 
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terminals. 


The BEST Resistance Welder Control? 
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16 ; 
@ There is "° one Square D builds 
both magnetic and electronic controls of 
many types—each best suited to certain — 
many ‘ IVEN Closs 8992, 
types of applications. Specify Square D, TiMERs for side of 4 
4 and be sure of getting the best for your job- 2 1 F 
Sot 
Write tor Bulletin 214, 
CONTACTORS COMBINATION CONTROLLERS 4041 N. Richards Street, 
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SESA Meeting 


The 1951 Spring Meeting of the Society 
for Experimental Stress Analysis will be 
held at The National Bureau of Standards 
and The Wardman-Park Hotel, Washing- 
ton, D. C., on May 16-18, 1951. All 
inquiries should be addressed to Dr. 
Edward Wenk, Jr., ¢/o The David Taylor 
Model Basin, Washington 7, D. C. 


Engineering, Marine and 
Welding Exhibition, 
Olympia, London— 

Aug. 30 to Sept. 13, 1951 


The largest display of engineering manu- 
factures in the world will once again be on 
view at the Engineering, Marine and 
Welding Exhibition which will be held in 
London from Aug. 30 to Sept. 13, 1951. 

The Exhibition has been held in alter- 
nate vears since 1906, except for the inter- 
ruptions caused by the two world wars. 
This vear, when hundreds of thousands of 
overseas visitors will be in the United 
Kingdom for the Festival of Britain, 
steps are being taken to meet the needs 
of a record number of overseas visitors 
to the Exhibition. This Exhibition will 
be the center where buyers can make easy 
and direct contact with manufacturers 
of all types of engineering equipment and 
examine on the spot any of the thousands 
of exhibits collected together under one 
great roof. 


New Oxygen Plant, Dayton, Ohio 


On or about May Ist, the Burdett 
Oxygen Co. of Cleveland, Ohio, will open 
its new oxygen plant and warehouse at 
1223 MeCook Ave. in Dayton, Ohio. 
The new plant is situated on a plot of 
three acres. It has 15,000 sq. ft. of manu- 
facturing and office space and in addition 
there is 4000 sq. ft. for the loading dock. 

This plant will be the most modern and 
efficient oxygen plant because it has been 
designed from the ground up for this 
purpose, It is equipped with the latest 
type of producing equipment and facili- 
ties. Production calls for 7,500,000 cu. 
ft. of oxygen per month, plus a large 
quantity of nitrogen. Additional facili- 
ties for the production of acetylene and 
propane will be added. 

Among other gases to be distributed 
from this new plant will be argon, helium, 
carbon dioxide, propane, acetylene and 
medical oxygen. In addition, the com- 
plete line of Burdox welding, cutting and 
safety equipment will be carried in stock. 

The manager of the Dayton Plant is 
Carl Bird, formerly in charge of the 
Burdett Branch in Akron, Ohio, 


466 


Mallory-Sharon Titanium Corp. 


P. R. Mallory & Co., Inc., Indianapolis, 
Ind., and the Sharon Steel Corp., Sharon, 
Pa., have formed a jointly owned com- 
pany in which each of them will have a 
50% interest and which is to be known as 
the Mallory-Sharon Titanium Corp., 
for the development, production and 
marketing of titanium and titanium alloys. 

The corporation will offer a series of 
proprietary alloys to meet the demands of 
various industries and, for the immediate 
future, the Armed Services. The office 
of the new corporation will be located 
initially in Indianapolis. The following 
officers have been elected: P. R. Mallory, 
Chairman of the Board; James A. 
Roemer, President; F. H. Vandenburgh, 
Vice-President & General Manager; E. N. 
Crosier, Treasurer & Assistant Secretary; 
George Fotheringham, Secretary & Assist- 
ant Treasurer. 

The Mallory Co. has been active in 
titanium research for the last decade and 
has done extensive development work for 
the Navy Bureau of Aeronautics on new 
titanium alloys during the last five years. 
Mallory is known for its pioneering efforts 
and accomplishments in the field of special 
metallurgy and has both research labora- 
tory facilities and an engineering staff 
qualified to handle the titanium alloy 
project. A large amount of technical 
background has been accumulated in the 
melting, alloying and fabricating of 
titanium. Mallory has started to trans- 
late the results of these research activities 
into pilot production by establishing 
production melting facilities. 

Sharon Steel Corp., a fully integrated 
steel producer, has facilities for rolling and 
further fabricating operations. This com- 
pany has a keen interest in the commercial 
possibilities of titanium and its alloys. 
One of its subsidiaries, Niles Rolling Mill 
Co., Niles, Ohio, has gained rolling experi- 
ence on large titanium sheets. 

The two companies feel that the com- 
bination of Mallory engineering and melt- 
ing facilities with the Sharon Steel produc- 
tion experience and facilities for rolling 
and fabricating will provide a sound foun- 
dation for the new company. 


Spanish Welding Assembly 


The Spanish Institute of Welding held 
their second national conference Novem- 
ber 17th. The conference covered the 
following: Weldability, Electrodes, Re- 
search, Training, Technical Information, 
Residual Stresses, Standardization, Ap- 
plications and General Subjects. The 
headquarters of this organization are: 
Instituto De La Soldadura, Goya 58, 
Madrid. 


News of the Industry 


Safety in Repair Welding 
on Petroleum Vessels 


A paper was presented at the March 
22, 1951, meeting of the New York Metro- 
politan Section of the Society of Naval 
Architects and Marine Engineers by Will 
Cooper, Marine Engineer of the Cardox 
Corp., entitled “Use of Carbon Dioxide 
Gas for Inerting in the Way of Welding 
on Petroleum Vessels.” 


National Production Authority 
(N.P.A.) (Taken From [.4.4. 
News Bulletin, March 1951) 


Letters have been received at I.A.A. 
headquarters inquiring as to what is now 
being done by the Federal Government 
that approximates what was done by the 
War Production Board during World 
War II. The questions related to: 
(1) the formation of a claimant agency to 
assure the availability of welding and 
cutting equipment and supplies, and (2) 
the formation of an industry advisory 
committee for the welding industry. 

About two years ago some preliminary 
work was done by the National Security 
Resources Board to survey the welding 
industry. This survey work embraced 
both of the above-mentioned proposals, 
viz., the placement of the welding industry 
in an appropriate division of an agency to 
be equivalent to the WPB of World War 
II, and the visualization of appropriate in- 
dustry advisory committees to represent 
the welding industry in its several aspects. 
the 
has been 


At this time we can advise that 
National Production Authority 
created under the United States Depart- 
ment of Commerce in Washington, D. C. 
The personnel interested in the above- 
mentioned problems are: Wm. H. Harri- 
son, Administrator, N.P.A.; Marshall 
M. Smith, Director, Machinery Division, 
N.P.A., P. L. Houser, Chief, Metals 
Working Machinery Branch, Machinery 
Division, N.P.A.; Dale D. Spoor, Chief 
of Welding Sections, Metals Working 
Machinery Branch, Machinery Division, 
N.P.A. 

Mr. Spoor, who is well known to many 
of us, has been in our industry over 20 
years and, until he accepted this new 
assignment, was Manager of Equipment 
Sales Dept., Air Reduction Sales Co., 
New York City. 

So far no industry advisory committee or 
claimant agency to specifically handle the 
problems of the welding industry has been 
formed. However, it is believed that 
when and if there is a real need for such 
committees they will be organized. 
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Give your welder 
a chance to 
be proud of 
his footage! 


With one set-up, work piece may be tilted and 
rotated for either automatic or manual welding. 
Welding Positioner capacities from 100 lb to 30 tons. 
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WORTHINGTON 


It’s waste welding time when 
welders have to climb over, 
prop up or flop the work piece 
to get at the different seams. 
It’s all arc-time when Wor- 
thington-Ransome Turning 
Rolls and Welding Positioners 
are used. All welds can be tilted 
or turned into position—with- 
out delay—for continuous 
downhand welding. 
Result—up to 50% more 
footage, better welds (using 
higher current and heavier 
rods), less welding rod waste. 
Write Worthington Pump 
and Machinery Corporation, 
Dunellen, New Jersey, for bul- 
letins or additional information. 


Production goes up on manual or automatic weld- 
ing, whether repetitive or job work. Turning Rolls 
from 3 to 150 tons, stationary or self-propelled. 


Welding Positioners 
Turning Rolls 
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**Ribbonrail” for Elkhorn 
Tunnel 


Over 5'/, miles of welded rail was used 
in the recent Norfolk & Western 5.28 
mile double-track improvement program. 
All this “Ribbonrail’’ went into the re- 
bored Elkhorn Tunnel. . .24 flame-cleaned 
and oil-coated strings of rail, each over 
1000 ft. long, will greatly reduce track 
maintenance in the new tunnel. Here, a 
portion of one shipment of “Ribbonrail” 
is being unloaded for placement in the 
tunnel. 


Fig. 1 A portion of one shipment of 
“Ribbonrail” being unloaded for 
placement in the tunnel 


Skating Rink 


New Yorkers, who like to do things 
in a big way, now have the largest arti- 


New York City’s Wollman Memorial Rink contains 16 miles of 114 inch extra- 
heavy wrought iron pipe, joined by welding and bent on 4 inch centers 


completed recently under the supervison 
of the city’s Department of Parks, 
Robert Moses, Commissioner. 

Located in Central Park, the giant 
Wollman Memorial Rink contains 16 


expanse of concrete that covers almost 
three-fourths of an acre. Ite construc- 
tion was made possible by a grant of 
$600,000 from Miss Kate Wollman, given 
in memory of her parents and brothers. 


ficial skating rink in the world. It was 


a wHew/ 
LOOK AT THOSE 
BOYS GO ON THIS 
AIR CONDITIONING 
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miles of wrought iron pipe embedded in an The Mayor and the Board of Estimate 
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re USTEN ON, You KEEP 


Y YOUR EYEON CHAMPION 
TAN DEVIL THERE... NOTICE 
HOW THE ROD “PAINT BRUSHES" 
THOSE CORNER WELD4 IN ALL 

POSITIONS! THOSE WELDS ARE 
REALLY FLAT AN’ SMOOTH... 


REMEMBER, ITS NOT 
ONLY THE MEN THAT DO THE 
WELDING ! WHEN YOU NEED A 
SOFT ARC WITH SWELL STABILITY 
AN’ LOW DENETRATION — 


CHAMPION TAN DEVIL 
ELECTRODES ARE A MUST 
FOR LIGHT GAUGE METALS — FOR 
SMOOTH, EASY WELDING AND 
BEST ALL ‘ROUND RESULTS 
ALWAYS USE 


\ CHAMPION TAN DEVIL/ 


4 THE CHAMPION RIVET CO. 


CLEVELAND, OHIO East Chicago , Ind. 
for tree literature 
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. .. produces low-uniform surface resistance 
... improves quality of welds 

... increases quantity of spot welds before tip cleaning 
... prolongs life of electrode tips 

... eliminates tedious, expensive mechanical cleaning 


Yes, if you are looking for higher quality, 
increased production and lower costs with your 
aluminum alloy spot welding operation, investigate the 
Diversey Pre-Welding Treatment today! 

Used by leading aircraft companies, case histories 
reveal that, by employing Diversey No. 36 to remove 
identification markings, grease, dirt; and by using 
Diversey No. 514 to remove oxide and heat i 
scale, spot weld output increased up to 50%! Further, 
plants report an increase up to 1,000% in the 
number of spot welds now made before the 
electrode tips require redressing ! 


The BEST Surface Preparation . . . The Diversey Pre-Welding Treatment for 
: aluminum is easy, efficient, practical, and surprisingly 
> Plus the BEST Welding Technique economical to use! Mail the handy coupon 
Produces the BEST Spot Welds ! today for complete information! 


MAIL THIS COUPON TODAY 


THE DIVERSEY CORPORATION 
Metal Industries Department 
1820 Roscoe St., Chicago 13, Ill. 


Photos Courtesy Douglas Aircraft Co, Inc 


iw Gentlemen: 
Please send me complete information on the Diversey 


THE DIVERSEY CORPORATION ; Pre-Welding Treatment for Aluminum. ' 
- Name 
' 
' 
‘ 


Metal Industries Department 
1820 Roscoe Street * Chicago 13, Illinois 


in Canada: [The Diversey"“Corporation (Canada) Ltd. 
Lakeshore Road, Port Credit, Ontario 


Company 


Address 
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accepted the gift and added $200,000 of 
city funds to tie the facility into the 
surrounding landscape and walks. 

The new facility will provide a full 
winter of skating, from November Ist 
to March 3ist, a total of 151 days. It is 
estimate that the average winter provides 
enough cold weather for only 10 to 12 
days of skating on naturally frozen sur- 


faces. 
One refinement in the new system is the 
playing of music over loudspeakers during Cal Poly engineering 
E skating sessions. Capacity of the rink students in an ad- 
vanced engineering 
is 1000 skaters. declan 
3 Adjacent to the rink is a completely the shear tensile 
equipped playground. In summer the strength of a spot 
surface will be “defrosted” to permit roller weld in a small ten- 
skating. sile testing machine 


A semicircular building at the northerly 
end of the rink houses refrigeration equip- 
ment, dressing rooms, a small restaurant, 
a skate shop and other facilities. 


Welding at Cal Poly 


By H. J. Virtcenave, Cal Poly Journal- 
ism Student 


“Welding Goes to College” was the title 
of a photomural display exhibited by the 
California State Polytechnic College weld- 
ing engineering department at the 7th 
annual Western Metal Congress and 


Exposition held in Oakland, Calif., Mar. illustrating students at work in the various application of the “learn by doing” 
Mth to 23rd. Depicting the theme, sequences of the training program as well educational philosophy which guides all 
“increasing production through eduea- as examples of the practical student proj- instruction at this California college of 
tion,” the display consists of photomurals ects fabricated as part of the college's agriculture and engineering. 


5 2 


| Students are shown working at the inert are weiding Welding Department Head Richard Wiley, standing checks 
| stations used for welding aluminum. Shields ordinarily work of a student in the welding design laboratory at the 
_ used between the stations were taken down to illustrate the California State Polytechnic College 

facilities 


Sight Feed ACETYLENE COMPRESSING PLANTS 


FEATURE THE MODEL 


A-TWIN ACETYLENE GENERATOR 


© CONTINUOUS FLOW © SIMPLE OPERATION © SAFE AND DEPENDABLE 


Cut acetylene production costs as much as 25% with a Sight Feed Model A-Twin Acetylene 
Generator! No shutting down for recharging. No waste acetylene. Minimum attention. 
Purest possible acetylene. Investigate Sight Feed Complete Compressing Plants, too. 
Economical investment . .. gas holders or low pressure driers not required. Quotations on request. 


WRITE FOR COMPLETE, NEW LITERATURE 


THE SIGHT FEED GENERATOR COMPANY 
WEST ALEXANDRIA, OHIO, U. S. A. 
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AN ANNOUNCEMENT OF IMPORTANCE TO AMERICAN INDUSTRY 


N O W the name 


will identify superior quality 
INDUSTRIAL LENSES 


For more than a quarter of a century you have known 
these fine lenses by other names. They are the products 
of Pennsylvania Optical Company, one of America’s 
leading makers of ophthalmic and industrial lenses, ac- 
knowledged to be among the finest available. You just ' 
cannot buy better lenses at any price. t 


NOW AVAILABLE 


Direct from the manufacturer at substantial saving. The ; 


Penoptic line includes a complete range of welding, cover 


and safety lenses. Write or telephone your order to 


PENNSYLVANIA OPTICAL COMPANY 


READING, PA. 


*Parorric ts the trade name of Pennsylvania Optical Company 


KNOWN FOR FINE OPHTHALMIC PRODUCTS SINCE 1886 
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“BASTIAN-BLESSING” 


4201 West Peterson Ave. Chicago 30, Iilino:s 


VALVES 


for OXYGEN and HYDROGEN 


Designed, tested and proved for high 
pressures and severe service. 


Packing may be replaced with cylinder 
under pressure if necessary. 


Fuse plug and bursting disc provide 
positive safeguard. 


Bronze stem furnished as standard, 
also available with monel stem on 
special order. 


for ACETYLENE 


Cadmium-plated steel stem with 
monel tip resists rust and wear. 


Ball-nose seat construction assures 
positive shut-off. 


for CARBON DIOXIDE 


Available with diaphragm-type or 
packed-type construction. 


Compact rugged design for use with 
high pressures. 


Equipped with bursting disc safety 
device. 


RECO 


*Reg. U. S. Pat. Off. W 


PIONEER AND LEADER IN THE DESIGN 

AND MANUFACTURE OF PRECISION 

EQUIPMENT FOR USING AND CONTROL. 
LING HIGH PRESSURE GASES ; 


News of the Industry 


The display will be exhibited to the 
public for the second time at the college's 
19th annual Poly Royal—country fair on a 
college campus—April 27th and 28th. 

Welding is a two-year course for majors 
in other departments of the engineering 
division and even in some of the depart- 
ments of the agricultural division. For 
these students the first year’s work con- 
sists of fundamentals of welding opera- 
tions, running beads and making simple 
butt welds, and the safety precautions in 
handling equipment. The second year’s 
work is divided into the four major engi- 
neering fields, and consists of making the 
specific welds normally met in these 
fields: such as light tubular welds, heavy 
piping projects, and welds on nonferrous 
metals. Along with techniques in weld- 
ing, courses in welding design are offered 
to mechanical engineering students who 
in their last year wish to specialize in 
welding engineering. 

The well-equipped shop has forty-two 
oxyacetylene stations and fourteen are 
welding stations. It is used by all stu- 
dents in welding. Many school projects, 
such as emergency repair jobs, special 
fabrication work, etc., are handled by 
advanced students as practical learning 
projects. 


Glass Soldered*to Metal 


General Electric Co. engineers can solder 
glass to metal in a process which makes « 
bond stronger than the glass itself. 

The method, which can also be used to 
solder metal to ceramics and carbon, was 
originated by scientists of the G-E Re- 
search Lab , and is currently being tested 
for industrial applications by the com- 
pany’s General Engineering Lab. 

The glass and metal areas to be soldered 
are painted with a thin layer of titanium 
hydride, and solder is placed upon both 
painted areas. The parts are placed to- 
gether and then heated under a vacuum. 

When the temperature reaches about 
900° F., the titanium hydride decomposes 
This causes the solder, which has already 
become molten, to adhere to the titanium- 
painted areas of both glass and metal. A 
strong, tight bond is formed upon cooling. 

By using soft metal solders, it is pos- 
sible to subject this glass-to-metal seal to 
rapid temperature changes without danger 
ot cracking, despite the wide difference in 
temperature expansions between glass and 
metal. This is possible beeause the differ- 
ences in movement are absorbed by the 
solder, 

The new technique is now in use in air- 
eraft ignition systems, and laboratory in- 
vestigations have suggested possible ap- 
plications in the manufacture of trans- 
formers, capacitors and electric motors 
These possibilities are now under consider- 
ation, according to laboratory engineers. 

Early work on the process was done by 
Floyd C. Kelley and Ralph J. Bondley of 
the G-E Research Lab., and some of the 
present investigations are being conducted 
by Lawrence J. Hogue of the General En- 
gineering Lab. 
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PLANT CREATED BY 


LINCOLN 


NEW 


the 


the ACTUAL 
YIELD 


increasing 


Fig. 1. Cross section through an iron cantilever 


beam designed to resist a bending moment. 


fabricated by welded steel. Needs 75% less metal 
than Figure 1 to achieve equal strength in bending 
stronger products 
with less metal... 
at lower cost 


Fig. 2. Tee section through comparative beam 
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Machine Design Sheets free on request to designers and engineers. Write on your letterhead to Dept 


THE LINCOLN ELECTRIC COMPANY 


, OHIO 


CLEVELAND 1 
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Wall Chart 


Just published is a wallchart, 12 x 
18 in., designed to aid welders in selecting 
the particular All-State welding, brazing, 
soldering, cutting or tinning alloy and 
flux that will best serve the job at hand and 
at the least cost. Data are arranged so 
as to make accurate selection as nearly 
automatic as possible. All All-State 
alloys and fluxes are covered according 
to the metal upon which work is to be 
performed. Copies may be obtained 
from any All-State distributor and from 
All-State Welding Alloys Co., Ine., 273 
Ferris Ave., White Plains, N. Y. 


New Aircomatie™ Reprint 


A new reprint, “Aircomatic® Welding 
of Copper Base Alloys,” has been an- 
nounced by Air Reduction Sales Co., 
a Division of Air Reduction Co., Ine. 

This 18page article, which originally 
appeared in Tue JouRNAL, was 
written by Harold Robinson and John H. 
Berryman and encompasses a general 
investigation into the weldability of several 
copper-base alloys with the recently de- 
veloped inert-gas-shielded metal-arc weld- 
ing process. Mechanical properties of a 
few simple welded joints with a number of 
electrode-filler metals and several practical 
applications are included. 

The article is illustrated with 45 applica- 
tion and specimen photographs and charts. 

| The text is further supplemented with 11 
» tables of test and specification data. 

Copies of this reprint (Form ADR 69) 
/ may be obtained without charge by com- 
‘municating with your nearest Airco 
‘office or by writing to Air Reduction, 
160 I. 42nd St.. New York 17, N. Y. 


Aluminum and Its Alloys 


In this Bulletin (No. 1) the history of 
Bluminum and the development of the 
Bluminum alloys is treated in such a way 
As to introduce readers to these materials; 
rhile later sections also serve the impor- 
ut purpose of introducing readers to the 
ore technical Information Bulletins in 
same series, 
* The historical opening is followed by 
descriptions of geographical location, and 
then the reader is taken through the stages 
in the production of aluminum and its 
alloys. The next section on the forms in 
which aluminum is available is necessarily 
compressed, but is made the more interest- 
ing by being linked with illustrated de- 
seriptions of the various production pro- 
cesses such as rolling and extrusion. 
Succeeding sections deal in turn with 
properties, workshop practice, joining 
methods and surface finishes, frequent 


references being made to Information 
Bulletins Nos. 2-17, inclusive. The last 
section is a rapid survey of the applica- 
tions of aluminum and its alloys to the 
various forms of transport and engineering 
applications. Statistics for the world 
production of bauxite and virgin aluminum 
are given in an Appendix. 

All Information Bulletins Nos. 1-17, 
inclusive, are now available and others 
are in preparation. 

The Aluminum Development 
33 Grosvenor St., London, W. 1. 


Assn., 


Symposium on the Role of 
Nondestructive Testing in 
the Economics of Production 


The six extensive papers and pertinent 
discussions included in this 164-page 
Symposium are frankly aimed at capturing 
the attention of management and are in- 
tended to present unbiased views explain- 
ing the actual or potential values of the 
various well-recognized methods of non- 
destructive testing in promoting higher 
quality or more economical production. 

Sponsored by Committee E-7 on Non- 
Destructive Testing, American Society 
for Testing Materials, the Symposium 
includes contributors who are men of 
recognized knowledge of the subject in the 
various fields of testing, and who have had 
extensive experience in practical applica- 
tions. 

Two general papers are included cover- 
ing historical background, explanations 
of the various test methods and generaliza- 
tion on the types of structural irregularities 
that could be detected. Three additional 
papers deal with specific applications of 
various test methods. The final one 
includes a general summarization, correlat- 
ing the ideas expressed in the previous 
papers and presenting pertinent views 
relative to management utilization. 

After an Introduction by H. H. Lester, 
Watertown Arsenal (Chairman of the 
Symposium Committee) the six papers and 
their authors are as follows: 

“A Basic Guide for Management's 
Choice of Non-Destructive Tests,’’ Robert 
C. MeMaster and Samuel A. Wenk, Bat- 
telle Memorial Institute. 

“Discontinuities in Cast and Wrought 
Products That Can Be Revealed by Non- 
Destructive Tests,” Kent R. Van Horn, 
Aluminum Company of America. 

“The Role of Non-Destructive Testing 
in the Economies of Casting,” John W. 
Juppenlatz, Lebanon Steel Fdry. 

“The Economies and Practical Applica- 
tion of Cobalt 60 in the Radiographic 
Inspection of Steel Weldments,” W. L. 
Schwinn, Babcock & Wilcox Co. 

“The Economies of Wrought Steel 
Inspection,” C. D. Moriarty, General 
Electric Co. 


New Literature 


“Management's Responsibility for In- 
sistence on Non-Destructive Testing in 
the Development of New Engineering 
Products and Processes,” L. W. Ball, 
Naval Ordnance Laboratory. 

Copies of this 164-page Symposium on 
the Role of Non-Destructive Testing in 
the Economics of Production (STP No. 
112), profusely illustrated, can be pro- 
cured in heavy paper cover from the 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa., at 
$2.50 each. 


Symposium on the Nature, 
Occurrence, and Effects 
of Sigma Phase 


This Symposium—consisting of 11 
papers and discussions available in printed 
form January 1951—was presented at the 
1950 Annual Meeting of the American 
Society for Testing Materials under the 
title “Effect of Sigma Phase on the High 
Temperature Properties of Metals,”” and 
was sponsored by the Joint A.S.T.M.- 
A.S.M.E. Committee on the Effect of 
Temperatures on the Properties of Metals. 

In his Introduction, F. B. Foley, The 
International Nickel Co., states: ‘There 
is perhaps no single phenomenon connected 
with the metallography of the corrosion- 
and heat-resistant iron-chromium and 
iron-chromium-nickel alloys that has 
excited more interest on the part of in- 
vestigators during the past five years than 
the sigma phase. The studies, as shown 
by the papers presented in the present 
Symposium, have brought into play all 
the methods available to the physicist 
and metallurgist aimed at determining 
what it is, under what conditions of 
composition, temperature and time it may 
form, how it 
how its presence may be detected and what 
its effects on the physical, chemical, and 
mechanical properties of the metal may 
be.”” 

Copies of this 1I88-page, profusely 
illustrated Symposium on the Nature, 
Occurrence and Effects of Sigma Phase 
(STP No. 110) can be obtained, in heavy 
paper cover, from the American Society 
for Testing Materials, 1916 Race St., 
Philadelphia 3, Pa., at $2.50 each. 


forms and decomposes, 


Yale & Towne Catalog 


A new comprehensive catalog of ma- 
terials handling equipment has been 
released by the Yale & Towne Mfg. 
Co.’s_ Philadelphia Division. Subjects 
covered include a general description and 
application data on Yale’s gas and elec- 
tric fork lift trucks, motorized hand 
trucks, hand lift trucks, and hand and 
electric hoists. 

One particularly interesting section 
describes the various attachments avail- 
able for Yale industrial trucks that give 
them versatility in jobs performed. 

For a copy of this 44 page bulletin 
write to the Yale & Towne Mfg. Co,. 
Philadelphia Division, 11000 Roosevelt 
Blvd., Philadelphia 15, Pa. 
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New Lessons in Arc Welding 


“New Lessons in Arc Welding” is a 
new 320-page book based on the lessons 
which are given at the Lincoln Are 
Welding School plus supplementary in- 
formation useful to the practical welding 
operator. 

The lessons are practical, not theoretical, 
and cover the basic fundamentals of are 
welding as well as more advanced welding 
in alloys, sheet metal and pipe. The 
basic 32 lessons cover welding mild steel 
in all positions and 20 advanced lessons 
cover other welding applications. Prac- 
tice materials, exercises, questions and 
answers are given for each lesson. 

Supplementary information contained 
in a 163-page welding application supple- 
ment is material which will help welding 
operators advance in knowledge and skill 
after fundamentals have been mastered. 
Explained are: (a) latest welding pro- 
cedures for faster and lowest cost welding; 
(6) automatic and semiautomatic hidden 
arc welding procedures; (c) metals 
identification; (d) joint selection; (e¢ 
how to design common machine parts to 
use welding instead of casting. 

The 6- x 9-in. book is profusely illus- 
trated with pictures and sketches, printed 
on fine paper and bound in simulated, 
gold-embossed leather. Price, $1.00 in 
U.S.A.; $1.50 elsewhere. 

“New Lessons in Are Welding” available 
about May 15th. Lincoln Electric Co., 
Cleveland 1, Ohio. 


Aluminum Bridge Railings 


EE. J. deRidder, formerly chief engineer 
of I. G. Farbenindustrie, Germany, and 
now assistant director, Products and 
Applications Dept., Reynolds Metals Co., 
has written for engineers an outstanding 
manual on aluminum for bridge railings 
a relatively new field for aluminum and 
one in which practically no other technical 
information is available. 

It is intended to introduce aluminum 
for bridge railings to architects and engi- 
neers and to answer all engineering ques- 
tions. It analyzes the advantages of 
aluminum for this service and presents 
typical designs to show the possibilities in 
this field. 

The manual is the result of Reynolds 
engineering work with customers who 
have built aluminum bridge railings. 
To make the manual most useful, com- 
plete stress analysis data are included, 
as well as the relative cost structure 
Comparative data for aluminum versus 
steel with information on how to design 
aluminum shapes having the same impact 
strength as steel are also in the manual. 
In addition, it covers design details, 
methods for assembly, and surface treat- 
ment. 

This 50-page, 8'/2 x Ll-in. looseleaf 
manual will be sent without charge to 
engineers requesting it on their letter- 
head. Address Customers’ Service Dept., 
Reynolds Metals Co., 2500 8. Third St., 
Louisville, Ky. 


Aircraft Welding 


The Progressive Welder Sales Co., 3070 
E. Outer Dr., Detroit 34, Mich., has pre- 


WELDING/ELECTRODES 


Armor Welding Electrodes 
ane All Standard Types 


AC or DC...the BEST 


any weld 


on all types 


stainless steel: 


STAINLESS STEEL 

has great strength . . . but its strength 
is limited by the quality of welds 
which seal the joints. In all kinds of 


manufacturing—military work in 


particular—stainless is being used 
more widely. If you weld stainless, 


choose electrodes with care. 


PAGE STAINLESS STEEL : 
ELECTRODES, AC or DC, give a 
stable arc under all conditions. 

The metal flows smoothly. Slag is clean 


and easily removed. The coating 


resists cracking down to very short 
stubs. Now available in 10-lb. lined, 
hermetically sealed metal cans which 
can be reclosed. Be sure... specify 
Page Stainless Steel Electrodes. 


Monessen, Pa., Atlenta, Chicago, Denver, Detroit, 
les Angeles, New York, Philadelphia, Portland, 


Sen Francisce, Bridgeport, Conn 


PAGE STEEL AND WIRE D 
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pared a four-page circular depicting 
three-phase aircraft welding of the alumi- 
num and alloy steels. The advantages 
and other technical information are in- 
cluded in this pictorial circular. 


Metallizing Process 


A new 20-page bulletin on the Mogul 
Metallizing Gun, subtitled “Production- 
Maintenance Miracles Now witb the 
Metallizing Gun of Tomorrow,” has just 
been published by the Metallizing Com- 
pany of America, 3520 W. Carroll Ave., 
Chicago 24, Ill. Bulletin is fully illus- 
trated and tells how this process aids in 
fighting corrosion, rebuilding worn parts 
and reclaiming mis-machined castings. 


The Kellex Corporation 


The Kellex Corp., one of the first in- 
dustrial firms to enter the atomic energy 
field, has released an 18-page booklet 
describing its facilities and outlining its 
work for the Atomie Energy Commission 
and the Armed Services. The publica- 
tion, “Engineering New Fields,” is avail- 
able by writing the Kellex Corp., 233 
Broadway, New York 7. 

Formerly a subsidiary of the M. W. 
Kellogg Co., The Kellex Corp. is now 
associated with The Vitro Mig. Co. of 
Pittsburgh, an industrial producer of 
uranium chemicals and an AEC contrac- 
tor. 

The Kellex Corp. was organized in 1943 
in connection with the Manhattan Project 
and has continued its participation in 
atomic energy development through re- 
search, development and design engineer- 
ing contracts with the AEC and its con- 
tractors. The balance of its work has 
been for branches of the Army, Navy 
Air Force. A_ recently organized 

department will study industrial applica- 
tions of resulting new techniques and 
equipment, 


Manganal Marketer No. 9 


Quick and inexpensive methods for 
trebuilding and repairing worn dipper 
are fully described in the latest 


“Manganal Marketer” (Vol. 2, No. 9), 
available upon request from the Stulz- 
Sickles Co., 134 Lafayette St., Newark 5, 
N. J. 

Pertinent facts about where and how 
to use Manganal 11 to 13'/:% Man- 
ganese-Nickel Steel products to salvage 
worn dipper teeth are presented in detail 
with accompanying illustrations. 

Salvaging worn equipment is assuming 
more and more importance under present 
conditions. Send for “The Manganal 
Marketer” today! 


Symposium on Ultrasonic 
Testing 


The ten papers and discussions included 
in this book (available January 1951) 
represent a summary of the history, theo- 
retical aspects, basic principles of practical 
testing, and practical applications for the 
ultrasonic testing of materials as pre- 
sented at sessions on the subject, spon- 
sored by A.S.T.M. Committee E-7 on 
Non-Destructive Testing, at the recent 
Annual Meetings of the American Society 
for Testing Materials. 

The papers have been reviewed prior 
to publication by their authors in the light 
of latest developments, and provide a 
wealth of up-to-date pertinent and valu- 
able information. 

In his Introduction, H. C. 
Westinghouse Eleetric Corp., indicates 
these points: (1) Ultrasonic testing is 
being used very extensively today. (2) 
It is practical and is being applied in- 
telligently by engineers in all branches 
and in a variety of industries. (3) It is 
not just another device which can be used 
for rejecting more material; it can and 
will aid and abet manufacturing. (4) 
Standard equipment is available which 
will perform very acceptably in the hands 
of nontechnically trained personnel of 
ordinary skill. 

Several of the papers include appropri- 
ate list of references and one bibliography 
is outstanding, constituting 342 references 
to the inspection, processing and manu- 
facturing control of metals by ultrasonic 
methods. This paper by Hastings and 
Carter is a summary of available tech- 
nical literature through 1946. 


Amtsberg, 


Copies of this profusely illustrated, 140- 
page Symposium on Ultrasonic Testing 
(STP No. 101) can be obtained in heavy 
paper cover from American Society for 
Testing Materials, 1916 Race St., Phil- 
adelphia 3, Pa., at $2.00 each. 


Strainalyzer Bulletin 


Bulletin 331, 2 pages, describing the 
H-42A Strainalyzer, is announced by 
Baldwin-Lima-Hamilton Corp., Phil- 
adelphia 42, Pa. The instrument, used in 
conjunction with Baldwin SR-4 resistance 
wire strain gages, is designed for dynamic 
strain and vibration studies from 0 to 
50,000 cps. Simultaneous observation 
and recording of four strains are possible. 


Welding End Specifications 


The latest issue of “Valve Values,” 
a sales and service publication of Edward 
Valves, Inc., East Chicago, Ind., in- 
cludes a table of welding end specifications 
for Edward cast steel valves which is of 
value to valve specification writers, valve 
buyers and piping fabricators. This 
reference table, developed from specifica- 
tions of the American Steel flange stand- 
ard Bl6e of 1939, the ASA B31.1 
1951 Code for Pressure Piping, the A.S.- 
M.E. Power Boiler Code for 1946 and 
Pipe Fabrication Institute Standard ES! 
—1948, is especially designed for removal 
from the company magazine for handy 
desk top reference. 

It contains, in addition to Edward 
standard dimensions of welding ends, 
diagrams of straight bevels for pipe wall 
thicknesses of */, in. and less, and dia- 
grams of U-bevels for pipe wall thick- 
nesses of over */, in. Accompanying the 
welding end specifications table is the 
article, “Welding Standardization,” 
written by L. H. Carr, director of Edward 
Valve research and engineering, which 
covers the various standards developed in 
the classification of welding rods, in 
materials for high pressure valves and 
piping, welding techniques, groove shapes, 
preheating and stress relieving and weld 
testing. 

Copies of the welding end specification 
table are obtainable by writing to Edward 
Valves, Inc. 


MEET RIGID GOVERNMENT SPECS. 


The World's Finest Fluxes 


place in position and securely hold together structural! 


soft or hard Jergerine and brazing, ferrous and non foros metals. 
so KWIKFLUX for ever Only KWIKFLUX hes 
DOUBLE PENETRATION our exclusive patented 
which i a all types a equip- 
ment. Meets all 
CONSULT US—NO > OBLIGATION 


Our 20 years ¢ ppanonas in peacetime and wartime production improve- 
ments ore available to you without cost. a ushelp you. W or wire 
for samples. Mention type of work 


SPECIAL CHEMICALS corP. 


welded. 
ry welded structures they eliminate all hole punch- 
rigid, safe and quickly erected struc- 


“Write for 58 Manual taining full des: 
tor welded - 
J. H. Williams & Company 
Buffalo 7, New York 
G. D. Company 
30 IRVING PLACE, co Montreal 2 , Canada 
New York 3, N.Y. e 
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NEW PRODUCTS 


Gasoline-Oxygen Torch 


A new gasoline-oxygen cutting torch 
which is expected to bring an over-all 
saving of between 25 and 30°, to such 
operations as cutting, brazing, scarfing 
and allied work over the acetylene type 
torch has been developed by James A. 
Browning, an instructor at the Dartmouth 
College Thayer School of Engineering. 

Basically, the torch is operated in the 
same manner as an acetylene torch. The 
chief innovation in the new torch lies in 
the cutting head and tips which have been 
especially designed and tooled by Brown- 
ing after two years of intensive research 
and experimentation. Unlike earlier 
models, which were developed by Brown- 
ing’s father, the late James H. Browning, 
the present torch blends liquid gasoline 
and oxygen and this mixture is then con- 
verted into vapor in the torch tip which 
is heated by the actual torch flame rather 
than by an auxiliary pilot flame which 
was utilized earlier. Patent applications 
are pending on these devices. 


Protective Masking Compound 


Metal left unprotected from are spatter 
or gas flame can spoil the finish of an 
important piece and ruin the whole job 
Often, as in the case of important dies, 
cutting tools, glass molds, fabricating of 
equipment out of polished metal, plated 
metal, etc., an unprotected area around a 
weld can cause losses mounting to many 
hundreds of dollars. 

To avoid this condition, ‘“Eutect- 
Mask,”’ a new aid in protecting surfaces 
from being marked by flame, spatter, are 
and similar “casualties’’ has been de- 
veloped by Eutectic Welding Alloys Corp., 
40 Worth St., New York 13, N. Y. 

Canned in thin form, the 
compound can swiftly be spread with the 
welding flux over the area to be protected 
The dried residue, it is claimed, is easily 
removed after the welding operation is 
completed. 

For further details write for Bulletin 
312-P to Eutectic Welding Alloys Corp., 
40 Worth St., New York 13, N.Y. 


paste new 


Repairing Magnesium Castings 


For the filling of holes in magnesium 
castings, building up, or repairing cracks 
and general salvage, repair and main- 
tenance work on cast magnesium, the 
ideal magnesium brazing rod is one which 
not only gives the same strength and cor- 
rosion-resistant properties of the base 
metal, but also melts well below the 
melting point of the casting in order not 
to damage it during the repair process. 
It should flow freely to the desired places. 
Fully meeting these requirements is 
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All-State No. 61 Magnesium Rod, which, 
according to Bent Laune, president of the 
All-State Welding Alloys Co., Ine., 273 
Ferris Ave., White Plains, N. Y., though 
developed for application with Heliare 
or a corresponding process, can be applied 
by torch brazing if used with No. 61 
Brazaloy Flux. Normal aluminum braz- 
ing technique is suitable and the flux 
residue must be immediately 
after the brazing avoid 
subsequent corrosion. 


removed 
operation to 


Low Inertia Bench Welding 


Head 
Federal Tool Engineering Co., 532 
Mulberry St., Newark, N. Ba offers a 


complete line of low inertia Bench Welding 
Heads featuring an exclusive Tweezer- 
Weld action that automatically applies 
the correct follow-through 
pressure instantaneously. 

Tweezer-Weld action 
nomenally successful and widely applied in 
automatic high-speed small parts welders 
operating at speeds as high as 3600 welds 
This same action is now offered 


amount of 


has been phe- 


per hour 
for the first time in a bench head. 

Special features in addition to the 
Tweezer-Weld action include low inertia 
by the elimination of all coil springs from 
the pressure system and complete elimina- 
tion of all movement in the pressure system 
at the time of application of the welding 
current. Serew provides micrometerlike 
adjustment of the pressure variable from 
approximately 6 oz. to 15 tb. between the 
electrodes. The pressure system is cam 
activated and operator fatigue is practi- 
eally nil. 

Literature and complete information 
will the manufacturer 
upon request on company letterhead 


be supplied by 


Silver-Clad Steel Strip 


A laminated strip product consisting of 
a solid sheet of silver (not an electroplat- 
ing), clad on either one or both sides of a 
core of mild steel, has been developed by 
the Rolled Plate Division of the American 
Silver Co., Ine., Flushing, N. Y. 

This silver-clad steel strip is available 
in widths up to 4 in., in thicknesses down 
to 0.005 and in any required temper. It is 
being manufactured in various silver-to- 
steel thickness ratios and rolled and slit 
to commercial or tolerances. 
The strip 1s produced with a high, as- 
rolled luster which requires practically 
no polishing, and can, if desired, be electro- 
plated directly with gold or other non- 


precision 


restricted metals 

Silver-clad steel] may be used as a sub- 
stitute for brass, nickel-silver, nickel and 
other restricted metals, subject to N. P. A. 


New Products 


It can be shaped by stamp- 


Order M-47. 
ing, bending, drawing, spinning and other 
conventional metal-working processes, and 
component parts can be assembled by 
means of silver brazing or soft soldering. 


The excellent thermal and electrical 
conductivities and the high resistance of 
silver to attack by alkalies and organic 
acids have already secured for silver-clad 
steel a wide field of industrial applications, 
ranging from aircraft engine bearings and 
electrical contacts to chemical] equipment. 


New Device Compiles, 
Plots Automatically 


The automatic compiling of two meas- 
urements and plotting of a curve to show 
their interrelationship—namely, Y equals 
f(X)—is made possible by a new electronic 
instrument. 

The instrument, the Brown ElectroniK 
function plotter, developed by Minneap- 
olis-Honeywell Regulator Co., of Phila 
delphia, Pa. is said by the company’s 
Brown Instruments division engineers, to 
incorporate two measuring systems, one 
of which actuates the recorder pen while 
the other motivates the instrument chart. 


Correction 


Through a typographical error two lines 
of a New Products item entitled *‘Posi- 
tioner for Automatic Welding,” page 294 
of the March, 1951 Wentpinc JouRNAL, 
were picked up and printed at the end of 


another New Products item on the same 
page. The two lines referred to are as 
follows 

‘For further information write to 


Aronson Machine Co., Areade, N. Y.” 


These two lines rightfully belong at the 
end of the item ‘Positioner for Automatic 


Welding 


Gantry for Automatic Welding 


A new movable gantry for 
automatic submerged melt welding has 
been developed by the Reed Engineering 
Co., 1003-17 W. Fairview Ave., Carthage, 
Mo. Maximum flexibility is provided by 
installing the welding generator or trans- 
former and flux recovery unit within the 
ganty column, leaving the initial 
electrical power! supply to be brought into 
the fixture through drag cables or trolley 


type ol 


only 


bars. 

The gantry standard gage 
railroad track through a variable speed 
range that may be as high as 5 to 320 
in. per minute. The welding boom, 
which is designed to mount any standard 
automatic welding head, is powered for 
vertical adjustment up to 12-ft. vessel 
diameters. The boom is _ retracted 
through a variable speed power source, 
permitting welding of 10-ft. seams at 
right angles to the gantry track. Dual 
controls are provided so that all move- 
ments may be operated from the end of the 


moves on 
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Gantry for automatic welding 


welding boom or from the base of the 
gantry. 

Variable speed turning rolls are available 
to handle vessels up to 100 ft. in length. 


Improved Flow Interlock 


An improved flow interlock, a device 
which responds to a flow of water to open 
or close an electrical contact, has been 
announced by General Electrie’s Control 
Divisions. 

According to company engineers, the 
new design includes a finer differential, 


union fittings at both ends, a bronze 
piston, reduced size and weight, simpler 
adjustment and more wiring space. 

In operation, the device closes a contact 
when a flow of water exceeds a preset 
amount and opens it when the flow falls 
below the preset amount. Working under 
this principle, it actually acts like a fuse 
in a circuit which depends upon water 
cooling for protection. The interlock 
can be used as a safety device in many 
applications, including hot water heaters, 
welding units, kitchen waste units, trans- 
former cooling, induction heating, tele- 
vision luminaires, water-cooled dynamom- 
eters, etc. 

Electrical rating of the new flow inter- 
lock is 10 amp. at 120 or 240 v., a. ¢. 
Maximum line pressure that the device 
will withstand is 125 psi. 


Conservation of Spot Welding 
Electrodes 


A program for the conservation of spot 
welding electrodes has been developed by 
P. R. Mallory & Co., Inc., Indianapolis, 
Ind., as a means of conserving copper 


BECKER 


KEEN-ARC CARBONS 


Gentlesen 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately adjusted 


by merely changing the ampere input, and heavy copper coating 


permits gripping at extr ends 
odic resetting. 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
@ 4 graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 


frequent and peri- 


Electric Welder. 
except fen. 


us it would be. 


Several sonths ago 
This is the 


We vould like to take 


is 
wachine bas been very set 
rg We believe our power 


the same capectty motor generator vel 
With al) good wishes, ve remain, 


Unretouched photographs of unser- 
viceable, mushroomed electrode and 
the same electrode shank after appli- 
cation of Mallory **Nu-Tip” nose 


while still providing the company’s 
customers with dependable spot welding 
electrodes. 

Mallory research engineers have de- 
veloped a unique process for brazing onto 
a used electrode shank a new nose of the 
same class of material. The “Nu-Tip” 
process employs a special Mallory silver 
solder which provides a bond of high 
melting point, high strength and low 
electrical resistance. Loss of electrode 
hardness due to brazing is held within an 
unusually low limit. 

Mallory reports that in comprehensive 
offset welding tests, “‘Nu-Tip” electrodes 
have run 30,000 welds and have withstood 
repeated applications of 2000 lb. of force 
at an angle of 30°. The “Nu-Tip” 
noses employ the Mallory fluted water 
hole for more effective cooling. 

Although Mallory does not represent 
the “Nu-Tip” electrode to be the equiv- 
alent of a new unit, it is clear that the 


Schwartz Supply Company 


MATERIAL AND SPEC ALTIES 


new ORLEANS USA 


Boverber 29, 1950 
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nev type DC Welder with no moving part 
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method does provide substantial service 
life for electrodes that would otherwise 
be scrapped. 

Readers who are faced with low inven- 
tories of usable electrodes can secure 
complete technical details and prices by 
requesting ‘‘Nu-Tip”’ electrode literature 
from the Mallory plant in Indianapolis 
or from any of the company’s branches 
and distributors. 


Metal Spraying Gun 


A new metal spraying gun, designed 
especially for coating shafts, rolls, or 
machine element from a lathe 
mounting, has just been introduced by the 
Metallizing Company of America, Chi- 
cago, pioneers of the metal spraying proc- 


parts 


ess, 

Promising substantial savings in time, 
money and critical parts during the present 
emergency, the ‘““Mogulectric’’ Gun metal- 
lizes, i.e., adds metal to metal via fine 
atomization of wire stock at 6300° F., 
with a perfect bond. In addition to re- 
building worn parts, it is claimed ideal 
for spraying corrosion-resistant metal 
coatings and for reclaiming mis-machined 
castings and machine parts. 

The Mogulectric weighs 20 !b., thus is 
designed principally for stationary opera- 
tion. It is powered with a '/s hp. con- 
stant speed induction motor, assuring a 
uniform wire speed that can be adjusted 
to the type of metal being sprayed. With 
it, a spray joly can be completed in one- 
half to two-thirds less time than is possible 
with any air-driven metal spraying unit 

The new gun will spray No. 15 B.&s. 
gage wire up to */\6 diameter, from the 
lowest melting point metal to the highest. 
Speed is rated up to 18 Ib. per hour for 
aluminum and nickel, up to 80 Ib. per 
hour for zinc. Only one adjustment is 
necessary—that of the variable speed 
indicator which is regulated according to 
the metal being sprayed. 

Gas requirements are minimum. For 
example, when spraying *4/j»-in. stainless 
steel, the Mogulectric uses 44 cu. ft. of 
acetylene and 68 cu. ft. of oxygen per 
hour. The air used to atomize and carry 
the metal to the surface being coated is 
16 cu. ft. per minute at 45 lb. pressure 

Full information, literature and prices 
on the Mogulectric Gun may be obtained 
by writing directly to Metallizing Com- 
pany of America, 3520 W. Carroll Ave., 
Chicago 24, Ill. 


Plastic Welding Cover Plate 


The GS No. 125 plate will cut produc- 
tion costs. Will not warp or crack, non- 
pitting, offering crystal clear visibility. 
The plastic used in these cover plates is 
noted for its fine optical qualities. 


Standard size 2- x 4'/,-in. will fit welding 
helmets and hand shields. Priced as 
follows: 1 to 99, $0.35 each; 100 to 
199, $0.30 each; 500 and up $0.25 each. 

Trv this new cover plate for faster 
production welding. For complete in- 
formation or trial order write to: General 
Scientific Equipment Co., 2700 W. Hunt- 
ingdon St., Philadelphia 32, Pa. 


Silver Brazing Rings 

Flat wire “no-tangle’ notched-coil 
stress-relieved silver brazing and soldering 
rings for faster, more economical and im- 
proved brazing of armed forces projectiles 
equipment and 
from the 
5051 
These 


ordnance 
available 


and other 
supplies are now 
Lucas-Milhaupt Engineering Co., 
S. Lake Dr., Cudahy, Wis. 
flat wire preforms were especially designed 
for applications requiring larger volume of 
silver alloy for added strength in critical 
joints and where the depth and shape of 
the groove prohibited use of round wire 
rings. 

Flat wire rings can be made in unlimited, 
job-determined diameters and wire thick- 
nesses in butt, lap and gap form. Be- 
flattened to individual 
rings provide a 


cause they are 
job specifications, new 


more life 
from dies | 


overlaid with 


Ampco Bronze Electrodes 
SS Production was increased from 

= 3600 deep-drawn cases (for 
©, sealed refrigeration units) to 
i) =) 15,000 cases, when Industrial 
Stamping and Manufacturing 


Co. of Detroit overlaid their steel 
punches and die-rings with Ampco 
Bronze electrodes, 


Big Savings in Press Room 
Downtime was greatly reduced and 
operating time increased. Efficiency was 
upped 15% because presses did not 
have to be stopped to hone and polish 
dies or change tools in the middle of a 
run. Average production was increased 
to 15,000 units before appreciable 
signs of wear on the dies. 

Put Ampco Bronze electrodes to work 
for you, Enjoy longer production runs, 
less downtime, lower costs. 


and ©. personnel inspect- 
with Ampce Brenze slectredes. 


Ampco Metal, lac. 
Milwevkee 46, Wis. 


It’s product ion 


industrial Stamping 
ing punch evericid 


Metal Spraying Gun 
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Silver Brazing Rings 


more complete fill and a stronger, leak- 
proof bond. Stress-relieved rings retain a 
plus and minus 0.001-in. tolerance under 
all conditions and do not distort or fall 
away from the workpiece when heat is 
applied. 

New line of rings is available in Sil- 
Fos and Easy-Flo wire. Manufacturer 
quotes prompt delivery and approval 
samples submitted with all quotations. 
Further information about fabrication, 
application and other specifications can 
be obtained from the Lueas-Milhaupt 
Engineering Co., 5051 S. Lake Dr., 
Cudahy, Wis. 


Complete Acetylene 
Compressing Plants 


The Sight Feed Generator Co., West 


DOCKSON’S 
No 145 OUTFIT 


fitted for a complete range of all-pur- 
pose welding and cutting operations as 
heavy as 5” steel. 

No. 145 OUTFIT includes: 


1-—No. 4E-C Hi-Speed Welding Torch. 
1—£o. Nos. 2, 4, 6, 8 and 10 “E” Style 
Elbow Tips. 


1-—C-4 Hi-Speed Cutting Attachment. 
1—C-2 Cutting Tip. 


Ib. and 3000 Ib. gauges. 


1—No. 134-AD Acetylene Regulator, 60 
tb. and 500 Ib. gauges. 


1—Commercial to P.0.L. Adaptor. 
1—12% ft. length 4” Siamese Hose. 


1-—Round File Gas Lighter. 
1—Pr. Series 66-19-6 Welding 


THERE IS A DOCKSON DISTRIBUTOR 
NEAR YOU — Let us send you his 
name and our catalog of Welding 
and Cutting Equipment, a complete 
line “BUILT FOR BETTER SERVICE”. 


ees 


Alexandria, Ohio, which recently com- 
pleted development of the Model A- 
Twin Continuous Flow Acetylene Genera- 
tor, is now manufacturing complete acety- 
lene compressing plants, according to an 
announcement by the company this 
month. 

The Model A-Twin Generator, which 
produces acetylene for cylinder filling 
purposes as well as for meeting the needs 
of large users of acetylene in industrial 
plants, is featured in new literature which 
Sight Feed now has ready for distribution. 

An outstanding feature of the new 
acetylene compressing plants is the elimi- 
nation of the need for a gas holder, since 
the Model A-Twin generator is fully auto- 
matic and is capable of supplying the 
required pressure for forcing acetylene 
through piping and purifier to the com- 
pressor. The manufacturers say that 
thus an expensive item in the original 
installation is avoided and there is one 
less piece of equipment to maintain. 

Sight Feed will manufacture acetylene 
compressing plants in a wide range of sizes, 
producing from 240 cu. ft. per hour to 
3000 cu. ft. per hour. Because of the 
versatility of the Model A-Twin generator, 
it will be possible to do some interchanging 
of generator sizes and equipment, depend- 
ing upon the individual requirements of 
the producer and his anticipated future 
needs. 


Complete Acetylene Compressing Plants 


AMSCOATING 


. . . stands for control of wear 
with AMSCOs Hardfacing Rods. 


Tremendous savings are bein 


made every day 


with parts that are Amscoated to reduce wear. 
Write for data on how to Amscoat your way to 
savings on materials ... manpower . . . money. 


Copyright 1951, American Maganese Steel Division, 
American Broke Shoe Company 


AMERICAN MANGANESE STEEL DIVISION 


CHICAGO HEIGHTS, ILLINOIS 
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85- 15 Red Brass Nipple 
4” diam.—V" wall 


Braid of .015” diam. 
Phosphor Bronze Wire 


Red Brass Flexible 
Seamless Tube 4” 
0.D.—.035” wall 


85-5-5-5 Cast Brass 
Ferrule 4” 1.D.— 
wall 


This assembly must hold liquids, steam or gas under high pressures — 
while withstanding vibration and continuous flexing. Made up of 
dissimilar metals of widely varying thickness, it’s braze welded on 


a production basis with ANaconnA 997 Low Fuming Bronze Rod. 


AnaconpA Bronze Welding Rods can keep your welding costs 

down with fast, strong, uniform welds on even the most difficult 
’ production jobs. Our Technical Department will gladly help you 
with any bronze welding problem. ANaconpA Welding Rods are sold 
by distributors throughout the United States. The American Brass 
Company, Waterbury 20, Connecticut. In Canada: Anaconda 
New 


American Brass Ltd., Toronto, Ontario. 51149 


For every braze weld, there’s an 


ANACONDA 


BRONZE WELDING ROD 


Here's the finished job, neat, tight, 
strong and economical — a credit 
to the welder and to ANACONDA 
997 Low Fuming Bronze Rod. 


May 1951 
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OBITUARY 
J. Hall Taylor 


J. Hall Taylor was born in Paris, Ky., in 
1877. He was the son of a patent attorney. 
He went to Chicago as a young man and 
studied Engineering at Lewis Institute. 
In 1900 he organized a company to manu- 
facture spiral riveted pipe made on ma- 
chinery of his own design. He later de- 
veloped equipment for making forged steel 
pipe flanges, seamless steel forgings for 
boiler drums and seamless steel pipe fit- 
tings. He took an active interest in the 
development of engineering standards for 
the use of these products, as they went into 
the field of high-pressure and high-tem- 
perature piping. He was a Member of the 
American Society of Mechanical Engi- 
neers, the American Society for Testing 
Materials, the AMERICAN WELDING Soct- 
ery and the Western Society of Engineers. 
At the time of his death in February 1951 
he was Chairman of the Board of Taylor 
Forge and Pipe Works, the company that 
he had founded fifty years before. He was 
also active in the work of the First Presby- 
terian Church of Oak Park and was, for 
many years, a Member of the Board of 
Managers of the Presbyterian Hospital of 
Chicago. He is survived by his widow 
and two sons, Edward and James. 


National Electric Opens Detroit 
Branch Sales Office 


On April 2nd, on the eighth floor of the 
MacCabees Bldg. on Woodward Ave., 
in Detroit, National Electric Welding 
Machines Co. opened their new factory- 
*branch offices. 

By achieving this long-sought goal, 
National Electric brings to Michigan 
manufacturers, especially those in the 
etroit area, an opportunity to find many 
nm answer to problems of high-speed 
roduction—so many of which are being 

»ived successfully with standard and 

vecial-built National Electric Welders. 

Knowing full well the highly technical 

ature of the problems and the answers to 

dustrial production involving electric 
elding, National is especially proud to 
mounce that the co-managers of this 
ew Detroit Branch Office are two men 
who are among the most highly qualified 
production engineering and resistance 
welding men in the country... William 
P. Kramer and Richard V. Anderson. 

Mr. Kramer had his primary technical 
training at the Maybach Motoren Werke 
and machine tool manufacturer at Fried- 
richshafen and Konstanz, Germany. Sup- 
plementary education was received at Law- 
rence Institute of Technology, University 
of Michigan Extension and School of In- 
dustrial Design. From 1933 through 1941 
he was Production Engineer with Fisher 
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William P. Kramer 


Body Corp. From 1941 through 1945 
he acted as Supervisor in charge of 
tooling Martin B26, Curtiss Wright and 
Lockheed major airframe projects. From 
1945 through 1949 he was Supervisor in 
charge of design and construction of 
assembly tools and welding machines 
during development of ‘“Monobilt’’ body 
and frame type ear for the Hudson Motor 
Car Co. From 1949 through 1950 Mr. 
Kramer was District representative and 
consulting engineer for Superior Machine 
«& Engineering Co. of Detroit. He is a 
member of the Engineering Society of 
Detroit and the American WELDING 
Society. Today he is co-manager of 
National Electric Welding Machines Co.’s 
new Factory Branch Office. 


Richard V. Anderson 


Personnel 


Mr. Anderson is’a graduate of Rens- 
selaer Polytechnic Institute, Troy, N. Y., 
with a B. S. in Industrial Engineering, 
class of 1937. From 1937 through 1939 
he worked at special machine tool control 
design and development in Cincinnati, 
Ohio, and steel mill control and installa- 
tion in Pittsburgh Steel Mills. From 1939 
through 1950 he was sales and application 
engineer of resistance welding machines 
and also associated with the engineering 
and development of special purpose elec- 
trieal controllers as used in heavy in- 
dustry in Michigan. 

Mr. Anderson is a member of the AMERI- 
can Wetpine Society, Association of 
Iron & Steel Engineers, Industrial Elec- 
trical Engineering Society and American 
Society of Metals. Today he is co- 
manager of National Electric Branch 
Office. 


Simms Promoted 


The appointment of Howard N. Simms 
as Director of Welding Development and 
Quality Control of Black, Sivalls and 
Bryson, Inc., was announced recently by 
Kenneth W. Lineberry, President. The 
company is a leading manufacturer of 
welded products for the Oil, Gas and 
Chemical Industries. Mr. Simms will 
be responsible for the supervision of 
welding methods and procedures and the 
establishment and maintenance of quality 
control of all welded products. 


Howard N. Simms 


Mr. Simms, who has been associated 
with Black, Sivalls & Bryson, Inc., since 
1936, is widely recognized as an authority 
in the field of welding operations. He has 
been active in the American WELDING 
Society for many vears, having served 
as Vice-President in charge of the Mid- 
west District of the Socrery, and is 
presently a member of the Board of Direc- 
tors of the National Organization. He has 
been active as an officer in the Kansas 
City section of the American Society for 
Metals and is a member of the American 
Society of Testing Materials and of the 
American Petroleum Institute. Mr. 
Simms is also a member of the Tulsa 
Engineers Club. 
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Welding 
Monel-Clad Steel? 


If you are doing any of the following jobs, Inco’s “140” Monel 
electrode is the one to use: 


1. Welding the clad side of Monel-Clad Steel. 


2. Overlaying Monel on steel. 


3. Joining wrought or cast Monel and nickel to 
steel and stainless steel. 


The “140” Monel electrode has a special low-carbon flux coat- 
ing which enables you to make crack-free deposits of Monel® 
directly on steel. 

Technical Data for 
“140” MONEL ELECTRODES 


Current requirements: D.C., reversed polarity 


For special applications, the “140” Monel electrode offers 
other important aivantages: 


3/32” dia. — 35- 60 amps. 
e Eliminates the need for a seal bead of nickel in weld- ee seichapeedl geese 
5/32” di 110-150 amps 
ing the clad side of Monel-Clad Steel. 
dia. 140-190 amps 
e Eliminates need for a barrier layer of nickel weld 
metal between steel and Monel overlays. joint Teasite ?.3.1 % 
“ 99 Monel to mild steel 70,100 45 i 
e “140” welds have corrosion resistance and physical Nickel to mild steel 64,600 a. ‘ 
. properties comparable to solid Monel. Monel to Type 316 : 


stainless 87,800 44 


Although not recommended specifically for that purpose, 


-“ “140” Monel electrodes may be used to weld solid Monel in 
place of the standard “130X” Monel electrode. 


Because of the heavy demands being made on our resources 
by the national rearmament program, you may not be able to 
get all the Inco welding materials you need. If you encounter 
problems in welding any of the Inco Nickel Alloys, remember 
that Inco’s Technical Service Department is always ready to 
assist you. 


Guided bend test specimen 
of welded overlay made 
with new Mone! elec- 
trode directly on 3” by 6” by 
3/8” steel plate. Note the 
excellent ductility and ad- 
herence of the deposit. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 
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Torchweld Scorfing Torches ore relied upon for fast, sure 
hot-scerfing of alloy steel billets at the Alan Wood Steei 
Compeony, steel mokers of Conshohocken, Po. These 
economical, easy-to-hendile torches are used to remove 
“snokes, scabs, checks and seams” preparatory to rolling 
the billets in the Alon Wood plote mill. Billets range 
from 4’ to 12’ long end from 4” x 22” to 7” x 22” thick. 


A battery of four NCG “RS” Cutting 
Machines ore used to speed produc- 
tion of the R. C. Mahon Co., Detroit, 
Mich., steel fabri ond 


standardized on NCG's Torchweld 
No. 75 hand cutting torches, ond re- 
lies exclusively upon NCG gases. In 
the case of machine cutting, gases 
pa ere abundantly provided from a port- 
4 able bank, seen at left in the picture. 


& 
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® 


PERFORMANCE 


builds the strongest friends... 


N steel mills, scrap yards and heavy manu- 
| facturing plants all over the country you’ll 
find Torchweld equipmentcoming through with 
that extra performance that makes Torchweld 


tops when the going is toughest. No wonder, 


then, Torchweld is also preferred for simpler, 
routine tasks. . . . You, too, will bring new effi- 
ciency and economy to your production and 


maintenance when you re/y on Torchweld. 


EVERYTHING FOR WELDING 


NCG is recognized as one of the largest organiza- 
tions of its kind in the world. It operates 73 manu- 
facturing plants within the United States, offers sup- 
ply and service through a vast network of hundreds 
of authorized NCG dealers and warehouses. For as- 
sured satisfaction in your welding and cutting needs: . . 


The last operation in the facture of ingot molds 

at the Neville island plant of the Shenango-Penn 

Mold Co., Pittsburgh, Po., is the cutting off of “staples” RELY ON NCG 

with Torchweld oxy-acetylene hand cutting torches. 

These “staples” are handles for handling 6-ton 

molds during their manufacture, and ore cut off NATIONAL CYLINDER GAS COMPANY 
after the molds ore in railroad cars, ready to ship. 
NCG gases ond opporotus have been used exciv- 
sively for the pest 12 yeors ot Shenango-Penn. 858 N. Michigan Ave., Chicago 11, Illinois 


Executive Offices: 


Copr. 1951, National Cylinder Gas Co. 


Dockson Names New Officers 


Promotions and the election of new 
officers of Dockson Corp. has been an- 
nounced by H. E. Piggott, president and 
general manager. 

The executives named by Dockson 
directors in February, in addition to H. E. 
Piggott, president and general manager, 
are C. W. Piggott, vice-president, from 
purchasing agent; E. N. Luckey, general 
sales manager; J. F. McDevitt, treasurer; 
C. J. Koller, secretary; T. F. Dubuque, 
assistant secretary, from office manager: 
R. J. Nelson, plant manager, from super- 


intendent. Messers. H. E. Piggott, C. W. 
Piggott and R. J. Nelson are active 
members of the American WELDING 
Sociery. 


The five operating heads have con- 
tributed a total of seventy-five years of 
service to the Dockson organization. 
They have progressed with the company 
during its 27 years of growth as Detroit 
manufacturer of nationally distributed 
oxyacetylene welding, cutting and solder- 
ing equipment, and industrial head and 
eye protection. 


Vietor Equipment Co. Elects 
Two Directors 


L. W. Stettner, President and Chairman 
of the Board, Victor Equipment Co., 
recently announced the election to the 
Board of Directors of Ernest A. Daniels 
and Edwin O. Williams. 

Ernest A. Daniels’ first experience in 
the welding industry was as an apprentice 


60 E. 42nd St. 


ations, 


IN THE RED DRUM 


NATIONAL 


shipbuilder at the Bethlehem Shipbuilding 
Corp. San Francisco Potrero Works in 
1916, after which he was associated with 
the oid Shaw-Batcher Shipbuilding Co., 
(now Consolidated Western Pipe and 
Steel Co., div. of U. S, Steel), South San 
Francisco, Calif. During this period Mr. 
Daniels also studied naval architecture. 

In 1921 he became associated with the 
welding department of the Associated 
Oil Co., now known as The Tide Water 
Associated Oi] Co. Subsequently, he was 
promoted to welding superintendent of 
that company’s Avon and Mococo Re- 
fineries. In 1928 Victor Equipment Co., 
with consent of the former employer, 
induced Mr. Daniels to join their com- 
pany, starting as a welding specialist 
covering oil refinery and pipe-line opera- 
tions. Eventually, Mr. Daniels became 
assistant to the vice-president, then sales 
manager, general sales manager, and in 
1946 was elected to his present position, 
Vice-President in Charge of Sales. 

His other varied activities are: Direc- 
tor of the International Acetylene Associa- 
tion; member of the AMeRIcCAN WELDING 
Society, the San Francisco Sales Man- 
agers Assn., the National Sales Execu- 
tives, the San Francisco Commercial 
Club, the Mariners Club of California 
and the San Francisco Chamber of 
Commerce. 


As a result of numerous trips at frequent 
intervals throughout the U.S.A., Canada 
and Mexico during the past 23 years, 
Mr. Daniels has established a complete 
distributor necwork for Victor Equip- 
ment Co., and earned a widespread reputa- 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


Carsive Company 


A Division of Air Reduction Co., Inc. 


tion as well as a host of friends throughout 
the welding industry. 


Edwin O. Williams graduated from the 
University of Southern California at Los 
Angeles in 1928, and immediately there- 
after became credit manager for the 
Stoody Co. in Whittier, Calif. 

In 1930, Vietor Equipment Co. estab- 
lished their present Los Angeles branch, 
at which time Mr. Williams became office 
manager. Due to the nature of the busi- 
ness employing him, Mr. Williams “‘re- 
sumed his studies”’ taking courses in metal- 
lurgy, welding and cutting and related 
subjects pertaining to the welding in- 
dustry. In addition to this, he studied 
Sales and its many ramifications. Even- 
tually, he worked into all phases of the 
branch. . management, sales and service, 
and in 1941 became Southern California 
District Manager. 

Finally, in 1946, having displayed ex- 
cellent managerial talent, Mr. Williams 
was elected Vice-President in Charge of 
the Southern California District. During 
this entire period, the Southern Cali- 
fornia District activities have grown 
steadily, and, today, this district is re- 
sponsible for a very substantial portion of 
Victor's total California business. 

Mr. Williams has been very active in the 
Los Angeles section of the AMERICAN 
WeELbING Society, serving as secretary 
for 7 years, and also as Vice-President and 
Vice-Chairman. He is also a member of 
the Rotary Club of Los Angeles and the 
Los Angeles Chamber of Commerce. 


New York 17, N.Y. 
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SECTION ACTIVITIBS 


Arizona 


On Wednesday, March 21st, a dinner 
meeting was held in the Saratoga Room of 
the Hotel Westward Ho by the Arizona 
Section. It was presided over by Arthur 
Tesmer, First Vice-Chairman, in the ab- 
sence of the Section Chairman. 

Coffee speaker was J. J. Kayetan, 
Director of Phoenix Technical School, who 
spoke on the “Reorganization of Phoenix 
Technical School.” His very interesting 
talk was well received by the forty mem- 
bers and guests attending the dinner 

The technical speaker was J. August 
Rau, Chief Engineer, Allison Steel Mfg. 
Co., Phoenix. The subject of his talk was 
“Fabrication and Erection of Horseshoe 
Dam Radial Gates.” These gates which 
were built by his company are on the 
spillway of the Horseshoe Dam which is 
located approximately fifty miles from 
Phoenix on the Verde River. They are 
designed to store flood water for the use of 
the city of Phoenix. The gates are of all- 
welded construction and the largest in the 
world involving several hundred tons of 
steel Mr. Rau capably told of the various 
problems encountered in construction and 
how they were overcome. After a dis- 
cussion period, the meeting was adjourned 
by the chairman at 10:30 P.M 


Boston 

The Boston Section reports the largest 
attendance in many years at its March 
12th dinner and inspection tour. One 


hundred and fifty-eight members and 
guests were at the dinner in the Hawthorne 
Restaurant, Lynn, Mass. The dinner was 
preceded by a very pleasant social period 
Around 170 members and friends made a 
visit through the Electric 
Welder Co. plant. There was a short 
meeting of the Section then Francis L 
Brant, Jr., took charge of the meeting for 
Thomson, and, dividing the members into 
alternating sections, went to various parts 
of the plant Everyone had an excellent 
opportunity to see demonstrations of spot, 
projection, seam and flash welding and to 
receive answers to any questions from the 
Thomson engineers and expert welders 
The Boston Section is very grateful to the 
Electric Welder Co. for their 


Thomson 


Thomson 
hospitality 


Bridgeport 


The regular monthly dinner meeting 
of the Bridgeport Section was held on 
March 15th with 


an attendance of forty- 
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prepared by C, M. O’ Leary 


two at the dinner and meeting. Both 
were held in Shelton, Conn. Speaker at 
the meeting was Robert G. Milligan of the 
Ocean Accident and Guarantee Corp 
Ltd., whose subject was “Boiler and 
Pressure Vessel Laws, Codes and Welding 
Qualifications.” 


Chattanooga 


\ joint meeting of the Chattanooga 
Section of the American We.pine So- 
ciety and the American Society for Metals 
was held March 13th at the Park Hotel. 
Dinner was at 6:30 with 36 members and 
guests of both societies present 

The speaker was William J. Phillips 
who is Director of the Product Develop- 
ment Department of the Steel Founders 
America. His topie was “Steel 
Castings and Weliments.” 


Society of 


Cleveland 
The Cleveland Section held its sixth 
regular meeting March 14th at Hotel 


Allerton, just eleven days before the See- 
tion’s 30th birthday 

Dr. Ivan Brychta of Oberlin College was 
the coffee speaker. Dr. Brychta spoke 
from personal experience of the not-so- 
merry life lead by individuals residing in 
Czechoslovakia under Nazi and Russian 
domination 

E. F. Holt, chief engineer of the Weld- 
ing Div. of P. R. Mallory Co., spoke at the 
technical Holt’s paper on 
“Practical Aspects of Resistance Welding 
a very thorough exposé 


session Mr 


Electrodes” was 
of the applications of various types of 
electrodes and the care of electrodes for 
long life. Referring to the current diffi- 
culties for obtaining adequate amounts of 
electrode materials, Mr. Holt 
the reclamation and repair of used elec- 
emergency e@X- 


discussed 
trodes as a temporary 
pecdie nt 

Technical chairman for this meeting 
was A. Leslie Pfeil, President of Universal 
Welder ¢ ‘orp 

The Cleveland Section has selected its 
1951 take office in May 
The results of the balloting were: Chair- 
man, John B. Austin of Republic Flame 
Cutting Co.: First Vice-Chairman, Frank 
G. Flocke of Thornton Co.; Second Vice- 
Chairman, Jack J. Jarms of Thompson 
Aircraft Products, Inc.; Secretary-Treas- 
urer, J. F. Wagner of Burdett Oxygen 
Co 

The Cleveland Section 
board of the national A.W.S. The board 
will meet in Cleveland, May 10th. This 
is a most propitious time and place for this 


52 officers to 


welcomes the 


Section Activities 


meeting since it will allow the manage- 
ment of A.W.S. attending this meeting to 
attend the Cleveland Section’s 12th an- 
nual symposium at Hotel Allerton on 
May 

Papers at the afternoon technical session 
will be presented by James Hyslop, 
President of Hanna Coal Co.; Ross J. 
Yarrow, superintendent of Republic 
Structural Iron Wks.; and Sherman T. 
Heald, welding engineer of Stee] and Tubes 
Div. of Republic Steel Corp. All the 
speakers are A.W.S. members 

Mr. Hyslop’s paper will be on main- 
tenance welding in large strip and deep 
coal mining operations. Mr. Yarrow’s 
paper will be on structural welding. The 
third paper by Mr. Heald, will be on inert 
gas and resistance welding 

The main event in the evening will be 
the banquet followed by an address by 
U.S. Senator Carl Mundt of South Dakota 
on a subject dealing with the Washington 
Senator Mundt 
many important 


scene is chairman and 
committees 


matters. Senator 


member of 
dealing with military 
Mundt will be introduced by Fred Craw- 
ford, President of Thompson Products, 
Ine. Louie Selzer, Editor of the Cleveland 
Press, will be master of ceremonies 

This vear the Cleveland Section will 
have its first formal exhibit to be held in 
connection with the symposium About 
forty educational exhibits will be on dis- 
The exhibit hours 
to 1:30 P.M. and 


play In a large room 

will be from 10:30 A.M 
from the close of the technical sessions 
(about 4:30 P.M.) to 6:00 P.M. The 
technical meeting will be called to order at 


2:00 P.M 


Colorado 


The Colorado Section held their regular 


monthly meeting on March 15th at the 
Emily Griffith Opportunity School-—a unit 
of the Denver Public School System 


Through the cooperation ol the principal, 
Howard Johnson served in 
their dining room 
ally recognized for its outstanding position 
in teaching all types ol vocational work lor 
child or adult After the dinner a per- 
sonally conducted part ol the 
shops was made of this very interesting 


dinner was 


This school is nation- 


tour of 


school 

Following dinner and the experience of 
seeing the various shops, the members 
went into the small auditorium where they 
enjoyed the very interesting film by Handy 
and Harman, entitled “Production Braz- 
ing with Low-Temperature Silver Al- 
loys.”’ Following the showing of the film, 
Roger J. Metzler, Development Engineer 
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yours new weldin g design ma 
free! 


Send for your copy today! 


new data... accurate... reliable . . . complete! 


To assist you in your re-tooling problems . . . or to 
help you analyze your present welding methods so that 
you may enjoy maximum speed, efficiency, and 
economy in many of YOUR production problems, 
EUTECTIC offers — FREExof charge and without 
obligation — this new, packed-full-ofinformation book! 


OVER PAGES + PROFUSELY ILLUSTRATED 


Over 40 pages of helpful data covering basic and 
advanced welding techniques and designs used in 


THIS PARTIAL 
LIST OF CONTENTS fabricating and assembly. Profusely illustrated with 
SHOWS THE scores of application drawings, weld diagrams, 
WEALTH OF how-to-do-it sketches, etc. In addition, you will 
Se a find page after page of tables containing 
latest information on melting temperatures, 


MANUAL— Yours Pree tensile strengths, corrosion factors, nomenclature, 


alloy recommendations, etc. Convenient digest size. 


Definition of Terms * Technology 
Temperatures of application 


Joining Methods: Torch Joining: free! free! free! 
Arc Joiniag; Induction Joining; 


Furnace Joining; Inert Arc Joining Se 

This just-off-the-press book is “must” reading for anyone 
Heating Methods + Design Information: e in defense productio ign, i i 

rae poets ngaged P n and design, and will certainly 
Flange Joint; Beveled Butt Joint; be time profitably spent for any production man. 

Fillet Weld; Overlay * Fluxing and 
Removal of Flux * Inspection and Control 
* Heat-treating of Welded Parts, and 
Welding of Heat-treated Parts. 


sketches and dato on welding alloys 
for use with: cast iron, all steels, 
stainless steel, copper, brass, 
bronze, nickel aid its alloys, 
magnesium, aluminum, hard and 
machinable overlays, etc., etc., etc.! 


HOW 10 years of EUTECTIC’S continuing welding research have 
evolved radically new metal joining techniques and designs. 


WHY over 67,000 plants throughout America specify 
genuine “EUTECTIC” for all their welding alloy needs. 


WHICH of your present designs can be altered to P 
take advantage of these new production methods. 


MAIL THIS COUPON NOW! SEND 
NO MONEY 


40-40 172nd Street, Flushing, N. Y. 


WSS NOW OR LATER! 
EUTECTIC WELDING ALLOYS CORPORATION @ ia UTECTIC 
40-40 172nd Street, Flushing, New York e WELDING ALLOY 
This new manual of yours sounds like a very helpful book. ge 
Send me a FREE copy with the understanding that there a 
will be no cost or obligation now or later. € 
Signed a EUTECTIC WELDING 
Firm. 
ALLOYS CORPORATION 
City. State & 
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of Handy and Harman of New York City 
gave a very interesting talk on “Design 
for Silver Alloy Brazing.”” This was one 
of the outstanding meetings of the year 
both in attendance and interest. 


Columbus 


The March 9th dinner meeting of the 

Columbus Section was held at the Fort 

Hayes Hotel, with an attendance of 38 at 

dinner and 50 at the meeting. Speaker at 

the meeting was Paul H. Setzler, Baldwin- 

Lima Hamilton Corp. Mr. Setzler pre- 

. sented an illustrated paper on “Stress 
Risers as They Affect Welded Design.” A 

film, Toughest Inch,” and slides 


were shown. All were well received. 


Cumberland Valley Division 


At the March meeting of the Cumber- 
land Valley Div., Roy Mansfield, Southern 
Oxygen Research Engineer, delivered a 
paper on hard facing. Mr. Mansfield used 
the blackboard to present in ABC lan- 
guage the fundamentals of hard facing and 
the theory in back of the various applica- 


tions. 


Dallas 


The March 14th meeting was held in 
the Auditorium of the Mosher Steel Co 
Dinner preceded the meeting in Brockles 
Restaurant. 

Speaker at the technical meeting was 
Boyd 8S. Myers, Consulting Engineer of 
Houston, Tex. Mr. Myers presented an 
interesting talk on “The Erection and 
Field Welding of’ Multistory Buildings.” 
\ demonstration of the welding of columns 
for two multistory buildings preceded the 
talk. Slides and film were also shown 
Excellent interest was displayed in the 
whole meeting. 

\ special invitation to all structural 
engineers and architects in Dallas was ex- 
tended and the response was very en- 
couraging. There wasanattendanceof 180 
at the meeting. Refreshments were served 
following the discussion period. 


Dayton 
The Dayton Section held their March 
meeting on the night of the 13th at the 
Engineers Club on Monument Ave., 


Dayton, Ohio. The meeting started 
with acolor movie describing various inven- 
tions connected with the development of 
aluminum. The technical meeting con- 
sisted of a talk on “Welding of Stainless 
by Roy Soloman of Allegheny 
Ludlum Steel Corp., Brackenridge, Pa 
Mr. Soloman covered the various types of 
stainless steels explaining what type of 
electrode to use with these steels and the 
welding process required for their use 
The effect of the welding technique upon 
the corrosion resistance of the steel after 


Steels” 


welding was brought out by a number of 
slides shown by Mr. Soloman. After his 
illustrated talk Mr. Soloman showed a 
movie on the production of stainless steel 
in an electric furnace 

Refreshments were served following the 
meeting. 
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Detroit 


The March 9th dinner meeting was 
held in the Engineering Society of Detroit 
with an attendance of 57 at the dinner and 
112 at the meeting. 

Coffee speaker was the Mayor of Dear- 
born, Orville L. Hubbard, who provided 
an excellent half hour of discussion of his 
activities. The timing on Mr. Hubbard's 
talk was perfect since in the March 5th 
issue of Life magazine Mr. Hubbard re- 
ceived quite a write-up 

The technical meeting was run as a 
question snd answer meeting after a brief 
description of the various welding meth- 
ods employed in the welding of pipe. The 
subject of the meeting was “Pipe Joint 
Welding, Fabrication and Installation,” 
and the speakers were Roy W. Emerson, 
Chemical and Metallurgical Engineer, 
Pittsburgh Piping and Equipment Co., 
and Arthur N. Kugler, Mechanical Engi- 
neer, Air Reduction Sales Co., who did an 
excellent job of answering the many ques- 
tions raised. It appears this type of meet- 
ing with audience participation on an in- 
formal basis brings out more information 
of interest to those attending than any 
other type of meeting. 


Houston 


A plant inspection of the A. O. Smith 
Corporation of Texas pipe mill was made 
on March 8th as the regular meeting for 
March. Dinner was served in the Shef- 
fied Stee] Co. dining room, after which 
the group of 104 proceeded next door to 
the A. O. Smith pipe mill where the in- 
spection tour began. The plant was in 
operation and adequate guides were avail- 
able. Special fabricating equipment and 
techniques for the high-production manu- 
facture of 40-ft. joints of 30-in. diameter, 
*/ie-in. wall thickness gas and oil pipe were 
open to inspection Everyone enjoyed the 
tour. 


Indiana 


Reports on the last four meetings of the 
Indiana Section are given below 

The December 15th meeting held in the 
Bamboo Inn, Indianapolis, had 55 adults 
and 25 children as guests at dinner and 
meeting. Cartoon comedies for children 
were enjoyed Entertainment and gift 
distribution were handled by Leo the 
Clown At this event members, their 
wives and families sponsored 25 guest 
underprivileged children for dinner, toy 
gifts and entertainment 

Sixty-seven members and guests at- 
tended the January 26th dinner meeting 
held at Buckley's Restaurant, Cumber- 
land, Ind. Before the meeting a 16-mm. 
film on Zion and Bryee Canyons was 
shown through the courtesy of the Union 
Pacific 

Speaker at the technical meeting was 
Robert Bereaw, Supt., Hobart Trade 
School. Mr. Bercaw presented an illus- 
trated talk on “Design for Welding.” 

The February 23rd meeting, with an 
attendance of forty-eight at dinner and 
meeting, was held at Buckley's Restaurant 
Cumberland, Ind. 
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In a single operation...with one flick 
of the wrist, 56 dependable WW Tips 
resistance-weld an automatic washing 
machine housing. In multiple welding 
operations like this, where every weld 
must be a good weld, the selection of 
the right spot welding tip becomes } 
doubly important. For sound, clean 
welds—speedy welding—efficient cool- 
ing—long tip life—less down time 
use WW Spot Welding Tips. 


WW Tips are precision-machined of 
the correct alloys to provide the right 
physical and electrical properties. 
They are water-tight and electrically 
tight fitting. For the most dependable 
tips, both straight and offset—leak- 
proof holders—seam welding wheels if 
electrodes and dies—specify WW. 7 
They are available in numerous 
standard sizes from Weiger-Weed & 
Company, Division of Fansteel 
Metallurgical Corporation, 
11644 Cloverdale Avenue, 
Detroit 4, Michigan. 


Send for WW Catalog 
"Standard Replaceable Welding 
Tips — Standard 
Water-Cooled Holders” 


12803-A 


ECTRODES 


tance Welding 
BS + WHEE HOLDERS 


| 
Spot Welding 
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Here, G-E Inert-Arc welding is used to weld the seam on a “buzz box,” source of the spark which ignites the fuel in jet engines. 


WHY G-E INERT-ARC WELDERS CAN 
SPEED YOUR DEFENSE PRODUCTION 


You can speed up the fabrication of ship and plane parts 
made of aluminum, magnesium, or copper alloys by 
using General Electric a-c Inert-Arc welders because 
they are specially designed for welding these materials. 
They give your operators many features not found in 
“‘jury-rig’’ modifications of ordinary metal-arc 
welders. 


Exclusive “Balanced Wave” Design 

Balanced-wave design, for example, an exclusive feature 
of G-E Imert-Arc welders, enables your operators to 
increase travel speeds, make stronger welds, and reduce 
power and gas consumption. 

“Idlematic’’ Control for Safe, Simple Operation 

The high-frequency pilot, the flow of gas, welding 
current, and cooling water are controlled by the use of 
G-E “‘Idlematic’’ control. This permits the operator to 
save time and reduce spoilage by making it easy to start 
the arc at the proper spot on the work because he can 
position the electrode with his hood up. 


’ Crater-filler or Remote Control 

On applications requiring weld craters to be level at 
the end of each weld bead, use of the optional G-E 
crater-filler will enable you to do the job quickly. 
Where desired, a hand or foot switch can be furnished 
to allow continuous stepless current control while 
welding. 


Write for Free Bulletin G-E Inert-Arc welders are easy to use. Simply touch the electrode 
For detailed information on how you can speed UP to the work and you're off to a quick clean start-——and without 
fabrication of aluminum and other alloys, write for using flux. The welders are available in 200-, 400-, and 800- 
bulletins GEC-596 and GEC-653. General Electric Com- ampere ratings. 

pany, Schenectady, N. Y. 
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Key to the advantages of the G-E “‘balanced-wave"’ 
Inert-Arc welder is the use of series capacitors in the 
output circuit. These capacitors block the d-c current 
which would otherwise be produced by the arc, and make 
it possible to get an even, uniform flow of a-c current 
his design, with the high-frequency pilot used only 
for starting, climinates objectionable A interference 
caused by welders using continuous high frequency. 


You Get Stronger Welds, Faster Travel Speeds 
Under identical conditions G-E *‘balanced-wave”’ welders 
give you a greater depth of penetration, better bead con- 
tours, and greater fusion area than welders with un- 
balanced-wave circuits 

This means, therefore, that an operator can do the job 
faster by using the G-E equipment. 


"Balanced Wave” of G-E Inert-Are Welders Produces 
Deep Penetration, Wide Fusion Area 


Unbelanced Wave of Ordinary a-c Metal-arc Welders 
Produces Shallow Penetration, Narrow Fusion Area 


Above macrosections are from two pieces of '%4-inch 
aluminum, on which beads were run without the addition 


of filler metal, and under identical welding conditions. 


ASK ABOUT G.E.’s 
THORIATED TUNGSTEN 


For d-c Inert-Arc welding only 
life with 


you get 10 
thoriated 
tungsten electrodes. Its strength compares with 


times normal electrode 


standard pure tungsten. Write today for more 
information. General Electric, Schenectady, N. Y. 


GENERAL 
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G-E “BALANCED WAVE” GIVES STRONGER WELDS, 
FASTER TRAVEL SPEEDS —with reduced power and gas costs 


G-E Inert-Arc Welders Give Even Flow of Current 


welder 
gives better welding at lower cost than unbalanced- 


Steady from G-E “balanced-wave” 


current 


aldad.ar 
ore 


wave currents from 


G-E Inert-Arc Welders 

Can Reduce Your Power and Gas Costs 
Because your operators can weld faster with G-E Inert- 
Arc welders, less gas and power are consumed. Saving 
in power costs and gas consumption have been estimated 
as high as 25% using G-E Inert-Arc welders, because of 
Idlematic control, series capacitors and momentary high. 
frequency pilot. 


Holders and Tungsten Electrodes 

Are Designed for High-speed Work 
An operator can adjust by hand a tungsten electrode in 
the illustrated holder. No wrenches are required. 

And he can do a wide variety of jobs with the same 
holder. Using it with a 200-ampere G-E Inert-Arc welder, 
for example, an operator can weld both light- and medium- 
gage materials, with electrodes up to eight inches in 
ength in diameters of .040, ;'g, 3s, }, and 35 inches. 

To give you the right electrode for any job, G.E.’s 
99.9% pure tungsten is available in a wide variety of 
diameters and lengths in both standard and thoriated 
types 


Holders for G-E Inert-Arc welders are available for any current 
requirement from 15 amperes to over 800 omperes, a-c or d-c. 


ELECTRIC 


Conventional Shielded-arc Welders Give Uneven Flow 
equigment. 

- 
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C. W. Sherman, Chief Engineer, Auto- 
motive Div., A. O. Smith Corp., Peoria, 
presented an illustrated talk on ‘Mass 
Production of Automobile Frames."’ The 
speaker was accompanied by John J. 
Chyle, Director of Welding Research, 
A. O. Smith Corp. 

The March meeting was held on the 
16th with an attendance of 49 at dinner 
and 59 at the meeting. Both were held in 
the Coral Room of the Antlers Hotel, 
Indianapolis. This meeting was in the 
form of a Quiz Program with the par- 
ticipating Sections lining up as follows: 
Michiana—54 points; Ft. Wayne—43 
points and Indiana—24 points. 

A social hour and reception for the team 
members was held before the meeting. 


Kansas City 

The Kansas City, Mo., Section mem- 
bers and guests met in the Safety Dept. 
of the Sheffied Steel Corp. on March 12th 
in preparation for a tour through the steel 
mill. A total of 98 took part in the tour, 
which included the Open Hearth, 22-in. 
Mill, 10-in. Mill, Shipping, Mat Dept., 
Cleaning House, Drawing Dept., bolt, nut 
and nail making, wire galvanizing and 
fence making. 

The technical meeting was called to 
order at 9:15 by Chairman Vernon Rudd. 
Due to the late hour, all business was dis- 
pensed with. 

Les Powers introduced the speaker for 
the evening, Roger J. Metzler of Handy 
and Harman, whose subject was “Design 
for Silver Alloy Brazing.” Mr. Metzler 
stressed the six fundamentals of silver 
alloy brazing: joint preparation, metal 
cleaning, fluxing, assembly and support- 
ing, heat and final cleaning. A short ques- 
tion and answer period followed. 


Lehigh Valley 


The monthly meeting of the Lehigh 
Valley Section was held Monday, April 
2nd, at the Hotel Bethlehem, Bethlehem, 
Pa. J. R. Fairhurst, Chairman, presided. 
Dr. R. D. Stout, Lehigh University, was 
the guest speaker at the technical session. 

Dr. Stout gave a very interesting illus- 
trated talk on “Welding Metallurgy.” 
He discussed the metallurgical effect of 
are welding on both the base metal and 
the weld metal, and described various 
methods to impreve the yield strength, 
ductility and notch sensitivity of welded 
structural steel. 

Members and guests participated in a 
discussion period following Dr. Stout's 
presentation. 


Louisville 


Harrington C. Powers, Welding Engi- 
neer for the American Air Filter Co., was 
the guest speaker at the March 27th 
meeting. His subject was “Practical 
Methods in Resistance Welding’ and he 
had a large number of specimens of his 
work and test pieces to illustrate the 
points of his talk. 

Mr. Powers told of the difficulties he 
had formerly experienced with tips and 
how he had developed flatter and broader 
tips which had given excellent results. 
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The talk was followed by a movie, “This 
Is Resistance Welding,’ and by a discus- 
sion period. 

The evening closed with a social hour 
and a Dutch lunch. 


Mahoning Valley 


The March monthly meeting of the 
Mahoning Valley Section was held as a 
joint meeting with the A.I.E.E. at the 
Westinghouse Auditorium, Westinghouse 
Plant, Sharon, Pa., on March 12th. 

The principal speaker for this meeting 
was L. P. Shannon of the E. I. du Pont 
Co. His subject was “Progress in Better 
Living.” 

Meeting was opened by Mr. Morisuye, 
Secretary-Treasurer of A.I.E.E., and after 
the current business was handled, a film 
entitled “New England Calling” was 
shown. 

Mr. Shannon's talk followed the show- 
ing of the film. This talk dealt princi- 
pally with du Pont’s development of 
nylen, orlon and the newly developed 
material known as “Fabrice V.” 

Mr. Shannon proved to be one of the 
most entertaining speakers that has ap- 
peared before the technical societies in 
this area. His talk was enjoyed very 
much by all. 


Michiana 


The Michiana clan gathered at the 
Oliver Corp. Experimental Lab. on March 
15th to see Joe Sims of the Air Reduction 
Co., give a demonstration on low-tem- 
perature brazing. The techniques neces- 
sary for copper, stainless steel, plain steel 
and east iron were shown, and the ad- 
vantages and disadvantages of various 
methods and brazing alloys discussed. 

Prior to the demonstration, Airco’s new 
film on the Aircomatic process was shown. 
While this was a little off the subject of 
the meeting, it made a very interesting 
addition. 

On March 16th, a quiz team composed 
of Al White, George Mittler, Glen Farring- 
ton and Jerry Fassnacht competed at a 
session sponsored by the Indiana Section. 
Since this was their maiden voyage into 
the realm of quizzes, they considered 
themselves very lucky to come home with 
the trophy. The next question for the 
Section will be “Where do we keep it?” 


Milwaukee 


The Milwaukee Section held a dinner 
meeting on March 30th at the Ambassador 
Hotel in Milwaukee. 

The technical speaker was O. B. Ackerly, 
General Manager, Pacific-Industrial Mfg. 
Co., Oakland, Calif. His talk was devoted 
largely to the methods of making hydraulic 
press brakes and a movie film showed 
many applications of the brake. This was 
not a welding talk. 

An entertaining coffee talk was given by 
L. Blackbourn, Head Football Coach at 
Marquette University. 


New Jersey 
The regular monthly meeting of the 


New Jersey Section was held on March 


Section Activities 


20th at the Essex House, Newark, N. J., 
with 95 members and guests attending. 
Dinner was served in the Terrace Room 
prior to the meeting. 

The evening technical session was a 
“Symposium on Nondestructive Testing.” 
Three speakers discussed various phases of 
nondestructive testing such as magnetic 
particle, fluorescent penetrant, radio- 
graphic and ultrasonic methods. Each 
speaker described the principle and funda- 
mentals of operation and specific applica- 
tions of each test method. 

The first speaker was Hamilton Migel, 
Vice-President, Magnaflux Corp., New 
York, who discussed the procedures of 
magnetic particle and fluorescent pene- 
trant inspection. Jay Bland, Welding 
Engineer, Materials Lab., New York 
Naval Shipyard, Brooklyn, N. Y., dis- 
cussed the various aspects of X-ray in- 
spection and what it has done for welding 
research and development. Alexander 
Gobus of Sam Tour and Co., Inc., New 
York, discussed the use of ultrasonic de- 
vices as an inspection tool. Following 
presentation of the formal papers of the 
symposium, a general discussion period 
was held. Questions relative to the use 
of all nondestructive testing methods and 
their application to field service and shop 
practice were answered. 

Refreshments were served after the 
meeting. 

Nicholas F. Kiernan has been appointed 
to the office of Secretary-Treasurer of the 
New Jersey Section for the remainder of 
the 1950-51 administrative year. Mr 
Kiernan is connected with the Metal and 
Thermit Corp. in Newark. 


New York 


“Cutting and Flame Processes’ was the 
title of the paper presented by Roger 8. 
Babcock, Development Engineer, Linde 
Air Products Co., Newark, N. J., at the 
March meeting of the New York Section 
held on March 13th at Schwartz’s Res- 
taurant, 54 Broad St., New York City. 

Mr. Babeock described many new ap- 
plications of cutting and flame processes 
which have been developed in recent years. 
His paper, and the accompanying slides 
clearly indicated the advances that have 
been made in improving the techniques 
used with these processes, and in finding 
new applications for them. Among the 
processes included in Mr. Babcock’s paper 
were stack cutting, edge preparation and 
gouging. Various examples of commercial 
flame-hardening machines were also 
shown. 

Mr. Babcock concluded his talk by 
giving a preview of a new film prepared by 
the Linde Air Products Co. Untitled at 
the time it was shown, the film depicted 
the process of “flame washing” as the 
process has been developed for foundry 
use. Excellently filmed and in color, this 
motion picture was a high light of the 
March meeting. 

Prior to the presentation of the technical 
paper, Hamilton C. Hoyt, Second Vice- 
President, Guaranty Trust Co., New 
York, gave a most informative talk on, 
“Wills and Trusts.’’ Many of the pitfalls 
to be avoided by proper attention to the 
details of preparation of a will were dis- 
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cussed, and the various benefits of leaving 
funds in trust were contained in Mr 
Hoyt’s interesting talk. 

Meeting arrangements were in charge 
of David Swan, Metallurgical Engineer, 
Union Carbide and Carbon Research 
Lab., Ine., New York. 


Niagara Frontier 


The Niagara Frontier Section held its 
March dinner meeting on the 22nd at the 
Sheraton Hotel, Buffalo, N. Y. 

Speaker at the technical session was 
F. A. Bodenheim, Jr., Sales Manager, 
Welders, The Federal Machine and 
Welder Co. Mr. Bodenheim, Jr., out- 
lined the flexibility of resistance welders, 
especially if welders purchased are of large 
enough capacity to permit additions of 
new methods of welding, not required, or 
given a thought when purchased—a re- 
quirement so much needed these days 
when performing both general commercial 
work and war work. 


Pascagoula 


The regular monthly March dinner 
meeting of the Pascagoula, Miss., Section 
was held on March 28th at the Pascagoula 
Country Club. 

The scheduled speaker was unable to be 
present due to illness at home Bad 
weather, overtime work and other local 
activities were reasons for a very small 
attendance. 


Peoria 


The Peoria Section held its March 
dinner meeting on the 21st at the Jefferson 
Hotel. R. L. Kohlbry gave an interesting 
talk on “Electrodes and Low-Hydrogen 
Electrodes.” His talk was illustrated with 
slides and was well received. 


Philadelphia 


The Annual A.W.S. Dinner Dance by 
the Philadelphia Section will be held on 
Saturday, May 12th, at the Engineers 
Club, 1317 Spruce St., Philadelphia. Re- 
freshments will be served at 6:30; dinner 
at 7:30 and dancing from 9:00 P.M. 
on. There will be beautiful door prizes; 
tribute to retiring officers and member- 
ship campaign prizes 


Salt Lake City 


The March 15th dinner meeting was 
held in the Seagull Room, Temple Square 
Hotel, Salt Lake City, Utah. 

William J. Poehlman gave a very inter- 
esting and informative discussion on 
“Spectroscopy Applied to Welding.”’ Mr. 
Poehlman brought out the practical appli- 
cation of spectroscopy in solving difficult 
welding problems 


Susquehanna Valley 


The sixth monthly meeting of the cur- 
rent season of the Susquehanna Valley 
Section was held at the Berwick Golf Club 
on March 7th, when C. C. Keyser, Super- 
visor of Maintenance Welding at Bethle- 
hem Steel Co., Steelton, spoke on the 
subject, “Maintenance Welding.” 

The importance of preheat and postheat 
in the procedure of repair welding was 
pointed out by the speaker and types of 
work encountered in heavy industry, such 
as a steel mill, were profusely illustrated 
with “on-the-job” slides which showed the 
taken in successfully performing 
maintenance weldments. 

The talk was preceded by a new movie 
showing the ACF-Talgo grain in successful 
revenue service in Spain. Much interest 
was shown since most of the equipment in 
the picture was produced in Berwick 

The final technical session of the current 
season of the Susquehanna Valley Section 
was held at the Berwick Golf Club on 
April 4th when F. J. Morton of the Linde 
\ir Products Co., Philadelphia, read a 
paper on “Shielded Are Welding.” The 
paper was originally delivered at the 
Western Metal Congress in San Francisco 
on March 20th 

The paper was one which gave stress to 
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the impetus of welding advances since the 
recent war. The use of inert gases as a 
shield to provide a curtain to materially 
aid in the production of clean welds pro- 
duced at a high rate of speed was described. 

A coffee talk preceded the technical por- 
tion of the meeting which consisted of re- 
marks by Harold L. Hess, technical engi- 
neer of the X-ray department of the 
Eastman Kodak Co., Rochester, N. Y 
He provided an excellent color and sound 
film showing industrial and technical ap- 
plications of cameras. This covered fields 
of medical research, guided missiles, naval 
construction, biology, astronomy and 
projectile impact. 


Western Massachusetts 


Before a good size audience Kenneth 
Spicer of the International Nickel Co. gave 
a talk and demonstration on “Weld Re- 
pair of Cast Iron” at Jaeger’s Welding 
Supply in Springfield on February 13th. 
Mr. Spicer’s talk followed a dinner at 
Blake's Restaurant. A lengthy discussion 
period followed the talk and members of 
the audience were given an opportunity to 
practice various welding techniques. 

At the March meeting Sidney Low of 
the Chapman Valve Mfg. Co. gave a talk 
on “Hard Surfacing Techniques and Ap- 
plications.” Mr. Low’s talk was followed 
by a demonstration of welding techniques 
conducted by Theodore Morrissette, also 
of the Chapman Valve Mfg. Co. The 
technical portion of the meeting was de- 


voted to a discussion of problems en- 


countered in developing resistance by hard 
facing to wear and the combined effects of 
wear and corrosion. The dinner meeting 
was held at Blake’s Restaurant in Spring- 
field, while the technical part of the pro- 
gram was held at the Jaeger Welding 
Supply Co. 


Wichita 


The Wichita Section held its March 
meeting on the 13th with dinner at the 
Pastime Club and the meeting at the 
Beech Aircraft Co. 

An inspection tour of the Beech Aircraft 
was made and among the many things 
seen were the forming and assembly of 
sheet metal, silver brazing, arc welding, 
fabrication of air frames and landing gear. 

An extemporaneous talk on “Design of 
Silver Alloy Brazing’ was made by Roger 
J. Metzler, Development Engineer, Handy 
and Harman, New York. 


Worcester 


The March 28th meeting of the Worces- 
ter, Mass., Section was held at the 
Tower House with seventy members and 
guests present. The dinner was preceded 
by the showing of a Navy combat film 

Following the dinner, J. Edgar Revelle, 
an engineer for the Chicago Bridge and 
Iron Co., gave a very interesting talk on 
the shop fabrication and field erection of 
spherical water towers. The talk was 
illustrated by moving pictures. The ob- 
servation was made by Mr. Revelle that, 
in general, the tank fabricators are much 
further along in the welding field than the 
structural fabricators This fact he 
attributes to the custom of the tank fabri- 
cators to handle a job from the design, 
fabrication and erection, with their own 
handling al! the 


engineers problems 


involved. 


Employment 
‘Service Bulletin 


Position Vacant 


Metallurgist wanted with two years’ 
experience in steel plate fabrication, for 
development of welding procedure and 
quality control. Write Personnel Diree- 
tor, Box 296, Oswego, N. Y 


fications and references 


Give quali- 
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prepared by L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


543,668 Exvecrric Arc Ap- 
paratus James Ronald Penrose, Wat- 
ford, and James Arthur Donelan, West 
Harrow, England, assignors to the Gen- 
eral Electric Co., Ltd., London, England. 
This patent relates to a process for elec- 
tric are seam welding by relative move- 
ment of the seam and a welding head that 
carries a welding electrode. The welding 
electrode has a curved surface for the root 
of the welding are. This curved surface is 
arranged during welding operations to 
move relatively to the welding head in a 
direction substantially opposite to the 
movement of the seam with relation to the 
welding head. The are root on the welding 


* electrode moves along the curved surface 


of the welding electrode. 
2,544,000—Coateo Wetpinc Rop—Rene 

D. Wasserman, Stamford, Conn. 

\ flux-coated welding rod, bearing a 
continuous, external, metallic film thereon, 
is covered in the patent. Such metallic 
film has an average thickness of between 
about one and twenty-one thousandths of 
an inch, 


2,44,334-—Wetp Rop, Fuiux, anp 

Mernov—George Edwin Linnert, Bal- 

timore, Md., assignor by mesne assign- 

ments, to Armeo Steel Corp., a corpora- 
tion of Ohio. 

This welding method relates to the pro- 
duction of a water-free welding flux com- 
position containing at least one hydrous 
ingredient of a first group consisting of min- 
eral metallic oxides, silicates, chromates 
and fluorides containing water of erys- 
tallization and constitution, and a hydrous 
carbonate as a second group. The method 
includes independently heating the first 
group of hydrous mineral metallic in- 
gredients at a temperature of about 100° 
F. to remove the water of constitution, 
adding the hydrous carbonate, and heat- 


ing the complete mixture at a temperature 
of about 700° F. to dehydrate the flux 
without decomposing the carbonate. 


Meruop anp Prop- 
ver —George Edwin Linnert, Baltimore, 

Md., assignor to Armco Steel Corp., a 

corporation of Ohio, 

Linnert’s method relates to a special- 
ized welding action for welding a special 
chrome martensitic stainless steel sheet, or 
the like, and it includes the step of insert- 
ing a nickel-bearing austenite-forming 
shim between superimposed portions of 
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the martensitic steel. An electric welding 
current is then passed through the shim 
and steel and across the contacting sur- 
faces thereof to produce a welded joint. 


2,544,336-—Wetp Composrtion-——George 

E. Linnert, Baltimore, Md., assignor to 

Armco Steel Corp., a corporation of 

Ohio. 

A welded article of special composition 
is covered in the patent and it includes an 
austenitic chromium-nickel stainless steel 
weld deposit of low carbon content that is 
substantially free of sigma phase and car- 
bide precipitation. The weld composition 
contains carbon up to 0.03%, 16 to 21% 
chromium, 10 to 20.5% nickel, 1.75 to 4% 
molybdenum, sulphur and phosphorus 
each not exceeding 0.02%, and the re- 
mainder substantially comprising all iron. 
The chromium, molybdenum and _ nickel 
are present in the deposit in a certain 
specific relationship. 


Hetmer—Walter R. 
Harrington, Rising Sun, Md. 
Harrington's patented welding helmet 

includes a frame positioned on a welder’s 
head, a face mask pivoted on the frame 
and swingable from a face-shielding posi- 
tion to an inoperative position above the 
head. An eye shield is also pivoted on the 
frame and swingable from an eve shielding 
position to an inoperative position above 
the eyes and means are provided so that 
the eve shield is lowered when the mask is 
raised and vice versa. 


2,544,711—Mernop anp APPARATUS FOR 

Wevpine wirn Gas Havine 

LaminaR FLtow—George Mikhalapov, 

Far Hills, N. J., assigner to Air Reduc- 

tion Co., Ine., New York, N. Y., a cor- 

poration of New York. 

This patented apparatus includes a tube 
through which an electrode is advanced to- 
ward the arc, a housing having a lower por- 
tion with an outlet that surrounds the part 
of the electrode immediately back from the 
are end of the electrode for discharging an 
uninterrupted annular curtain of gas 
downward around the region of the are 
and across the surface of the weld. An en- 
larged gas chamber is provided at one end 
of the housing, and a baffle is located in the 
upstream portion of the chamber immedi- 
ately downstream from the inlet conduit 
for gas in position to spread the gas stream 
from the inlet outward across the chamber. 


2,544,749—AvutTomatic Pressure WeLp- 


Current Welding Patents 


inc) Apparatus—John P. Cowie, 

Youngstown, Ohio, and Charles J. 

Burch, Plainfield, N. J., assignors to 

Linde Air Products Co., a corporation 

of Ohio. 

This patent covers pressure welding ap- 
paratus that includes mechanism for 
clamping metal members in abutting rela- 
tion during a welding operation and pres- 
sure means for forcing the abutting sur- 
faces together under a preselected pressure 
There also is provided a reservoir for hy- 
draulic liquid and a receptacle for a high 
pressure hydraulic liquid and means are 
connected to the receptacle for applying a 
preselected high pressure upon liquid in 
such receptacle. A liquid conduit inter- 
connects the reservoir, receptacle, clamp- 
ing mechanism and the first-named pres- 
sure means. A special check valve is pro- 
vided in such conduit for preventing liquid 
flow therethrough into the reservoir and a 
pilot control is provided for rendering the 
check valve inoperative. A solenoid- 
operated control is provided for controlling 
means that in turn control the pilot contro! 
of the check valve. 


Gun—Albert Mul- 
ler, Plainfield, and Glenn J. Gibson, 

New Providence, N. J., assignors to Air 

Reduction Co., Inc., New York, N. Y., 

a corporation of New York. 

This patent relates to apparatus for 
inert-gas-shielded deposition of electrode 
metal by an are welding operation and in- 
cludes a wire guide and a contact tube 
guiding and supplying current to a con- 
sumable depositing electrode fed continu- 
ously through the tube to an are formed 
between the end of the electrode and a 
workpiece. The barrel surrounds the tube 
and is spaced therefrom to form an unob- 
structed flow passage terminating in a 
nozzle orifice having a diameter of not less 
than five times the diameter of the elec- 
trode. The barrel extends rearwardly 
from the nozzle orifice a distance of at 
least five times the diameter of the nozzle 
orifice. Means are provided for admitting 
an inert gas into the inlet end of the un- 
obstructed passage. 


2,545,284—-WeLpinc Macuine—Clevoe 

D. Jones, Royal Oak, Mich., assignor 

to Michigan Steel Tube Products Co., 

Detroit, Mich. 

Jones’s patented machine has in com- 
bination a tool and a fixture having a fixed 
position and a work-carrying table having 
a 360° rotating movement is provided and 
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Here’s why the AMSCO 
HARDFACING SYSTEM 
can save you money 


Hardfacing recommendations are as 
sound as the manufacturer who makes 
them. For a half-century, Amsco has 
specialized in fighting the high cost 
of wear—first with manganese steel 
and later with another big weapon 

. AMSCO Hardfacing Rods and 
Electrodes. 

The result is the AMSCO Hardfac- 
ing System ... where a wide range of 
Amsco Rods are selected for use ac- 
cording to a systematic appraisal of 
the equipment part and wear factors 
involved. 

Whether your particular problem is 
one of wear caused by impact, abra- 
sion, heat, corrosion—alone or in 
combination ... 


Amsco has both the research facilities and 
the years of on-the-job experience neces- 
sary to help you make important reductions 
in your operating costs. 


HUNDREDS OF DOLLARS PER 
MONTH IN PULVERIZING! 


An example of how the AMSCO Hardfacing System can help you fight wear profitably 


AMERICAN 


|| Brake Shoe 


Other Plants: New Castle, Del., 


May 1951 


Denver, Oakland, Col., 


A large Pennsylvania brick company was faced with this problem: 
their pulverizer plows wore out every two weeks due to 

extreme abrasion of clay with a high silica content. An expensive 
period of down-time and replacement labor resulted. 

In trying to stop this high replacement cost, a test was made. 
Each plow was hardfaced with AMSCO Tungrod—specially 
developed by Amsco research for high resistance to abrasive wear. 
Result? The plows hardfaced with AMSCO Tungrod lasted 4 times 
as long . . . 3 out of every four replacement jobs were eliminated! 
The saving amounted to several hundre:! dollars each month! 

AMSCO Tungrod permits big savings—through longer 
service and fewer replacements—on many other applications. 

If you have an equipment part used in cutting or pulverizing 
non-metallic materials, the possible savings—to you—are 
too big to be overlooked! 


Write today for illustrated hardfacing catalog — and nearest distributor's nome. 


WELDING PRODUCTS 


AMERICAN MANGANESE STEEL 


Los Angeles, St. Louis. 


In Canada: Joliette Steel Division, Joliette, Que. 
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turning the table 360° and the head only 
part of a turn so that work with a sidewise 
projecting part can be given a full rotation 
with respect to the tool so that the orbita! 
movement will carry the sidewise project- 
ing part to a position clear of the fixture. 


head for journaling the table which can be 
set to have the axis on which the table 
rotates offset from the axis on which the 
head turns to cause the work to turn and 
roll around the end of the tool. Driving 
means are provided for simultaneously 


it also has a limited orbital movement 
about the end of the tool as a center in a 
direction counter to the rotational move- 
ment. Means are provided for giving the 
table such combined rotational and orbital 
movement and they comprise a swinging 
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Physical and Welding Metallurgy of Chromium 


Stainless Steels 


§ A review of published and unpublished information on martensitic and fer- 
ritic stainless steels with emphasis on their physical and welding metallurgy, 


885° F.(475° C.) Brittleness, sigma-phase embrittlement, High-Temperature Em- 


by Helmut Thielsch 


SUMMARY 


URING the past ten years, many new developments 
have greatly increased the understanding of the 
physical and welding metallurgy of the chromium 
stainless steels. With the development of new and 

improved alloys, many additional applications have 
been found. Moreover, because most of these chro- 
mium stainless steels are more economical than the aus- 
tenitic chromium-nickel stainless steels, it is likely that 
future research will increase their usefulness still fur- 
ther. The present nickel shortage adds additional em- 
phasis to the importance of the chromium stainless 
steels which are generally not alloyed with nickel. 

The published and unpublished information, which 
has been made available by the leading laboratories, 
research investigators, and welding engineers, is re- 
viewed, analyzed, and interpreted. Particular em- 
phasis has been placed upon European developments 
which were the result of nickel shortages and which, 


Helmut Thielsch is Technical Assistant, Welding Research Council, New 
York, 

This report was propered under the auspices of the Literature Advisory 
Committee of the elding Research Council. G. E. Doan, Chairman; 


T. 8. Fuller, L. E. Grinter, C. E. Jackson, E. M. MacCutcheon, W. Spraragen, 
David Swan, R. David Thomas, Jr 
Secretary 


L. Walmsley and Helmut Thielsch 


Thielsch 


May 1951 


brittlement, notch-sensitivity, and the effects of various alloying elements. 


Stainless Steels 


therefore, caused the necessity to substitute, whenever 
possible, chromium stainless steels for austenitic chro- 
mium-nickel stainless steels. 

The information has been divided in three major 
sections: (I) Physical Metallurgy, (IT) Effects of Alloy- 
ing Elements, and (III) the Welding of Chromium 
Stainless Steels. 


Physical Metallurgy 


Depending upon structure, these steels are generally 
divided into three classes: (1) the martensitic grades, 
(2) the ferritic grades, and (3) the ferritic-austenitic 
grades. 

The martensitic stainless steels usually contain be- 
tween 10 and 14% chromium. They are primarily used 
in applications in which a high mechanical strength is 
required in favor of ductility and toughness. These 
stainless steels also represent the most economical types 
(see Table 1). 

The ferritic stainless steels usually contain between 
14 and 30% chromium. Because of their good corrosion 
and oxidation resistance, these steels are particularly 
used in many refinery and chemical process applica- 
tions, primarily at intermediate and elevated tempera- 
tures. Since the fully ferritic stainless steels have a co- 
efficient of expansion which is similar to glass, these 
steels are also used in considerable quantities in indus- 
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trial applications where direct metal to glass seals or 
joints are to be made, as, for example, in television 
tubes.?"4 

The ferritic-austenitic grades usually contain be- 
tween 24 and 30% chromium in addition to the presence 
of one or more austenitizers, such as nickel or manga- 
nese, which are responsible for retaining up to 50% 
austenite at room temperature. Although these steels 
are not as popular as the martensitic or ferritic types, 
they are produced in limited quantities, particularly in 
Europe. These ferritic-austenitic alloys are used in 
certain chemical process applications where ductility, 
toughness, and weldability are of primary importance. 

In addition to the formation of austenite and mar- 
tensite, the chromium stainless steels may become sus- 
ceptible to one or more of the phenomena which produce 
drastic changes in the physical properties of the nor- 
mally ferritic alloys. Distinction should be made be- 
tween four major types: (1) 885° F. (475° C.) Brittle- 
ness, (2) sigma-phase precipitation, (3) High-Tempera- 
ture Embrittlement of ferrite, and (4) the notch-sensi- 
tivity of the ferritic’ alloys. The nature of these phe- 
nomena are discussed and possible explanations are re- 
viewed or suggested. 

The 885° F. (475° C.) Brittleness occurs when ferritic 
chromium stainless steels are heated between 750 and 
1000° F. (400 and 540° C.). Sigma-phase embrittle- 
ment, which seems to be related to 885° F. (475° C.) 
Brittleness, occurs when chromium-iron alloys contain- 
ing between 15 to 20% and 70% chromium are ex- 
posed between 950° F. (510° C.) and 1300 to 1500° F. 
(705 to 815° C.). The High-Temperature Embrittle- 
ment occurs when alloys with fully ferritic structures 
are exposed to temperatures above 2100° F. (1150° C.). 
This embrittlement is also observed in ferritic stainless 
castings and weld deposits. A suitable heat treatment 
between 1350 and 1450° F. (730 and 790° C.) may re- 
move the effects of the embrittlement. Notch-sensi- 
tivity at room temperature is of concern in ferritic alloys 
containing over 16 to 18°) chromium. At room tem- 
perature, these higher chromium alloys tend to exhibit 
brittle behavior. This may be overcome by slightly 
elevated working and fabricating temperatures. 


Effects of Alloying Elements 


Aluminum additions are made to stainless steels to 
serve one or several functions: (1) to serve as a ferrite 
former, (2) to improve scaling resistance, (3) to cause 
grain refinement, and (4) to develop desirable electrical 
properties. 

Carbon, at a given chromium conient, is the principal 
element which affects the amount of martensite which 
may or may not be present. Steels, which are harden- 
able because of martensite formation, require special 
precautions in welding operations. 

Chromium is of primary importance and is used to 
produce either a martensitic or ferritic structure in the 
steel. Moreover, chromium improves corrosion and 
scaling resistance considerably. 
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Nickel, as well as manganese, is useful to cause the re- 
tention of austenite in steels containing over 24°; 
chromium. As such, nickel improves toughness and 
weldability. 

Nitrogen additions are rarely made to chromium stain- 
less steels. Their primary function is to produce a fine 
grain size. 

Titanium effectively produces grain refinement and, 
in small quantities, improves the properties of weld de- 
posits. 


Welding of Chromium Stainless Steels 


Although are welding is preferred in the welding of 
chromium stainless steels, satisfactory weld deposits 
may be obtained with most of the other welding pro- 
cedures. 

The low-carbon martensitic stainless steels (for ex- 
ample Type 410) should receive a preheat treatment be- 
tween 600 to 800° F. (315 to 425° C.) and a postheat 
treatment between 1300 and 1400° F. (705 and 760° C.). 
The higher carbon martensitic grades (over 0.25% 
carbon) are not readily weldable and will require special 
precautions which depend on composition, the welding 
process used, and other factors. 

Although in ferritic stainless steels preheat treatments 
are not always necessary, a preheat treatment between 
300 and 400° F. (150 and 205° C.) is advisable, particu- 
larly in steels containing over 25% chromium. 

Although, ordinarily, satisfactory results may be ob- 
tained by welding the chromium stainless steels with 
electrodes having compositions identical to those of the 
parent metal, austenitic chromium-nickel electrodes are 
generally preferred. 


INTRODUCTION 


Stainless steels are primarily selected because they 
offer good resistance to the attack of many chemical 


Table 1—Comparative Costs of Stainless Grades (Type 410 


= 100)" 
Cold-rolled 

Type Sheets strip Bar and wire 
301 114 113 124 
302 114 122 124 
302-B 120 133 128 
303 ‘ 135 
304 120 130 130 
305 127 139 135 
308 137 144 148 
309 158 18 180 
310 180 233 244 
316 161 200 
317 194 244 248 
321 138 165 148 

7 152 180 167 
403 109 124 113 
405 105 119 107 
406 115 141 120 
410 100 100 100 
414 102 102 100 
416 102 124 102 
420 123 161 124 
430 108 102 102 
430-F 104 
431 109 104 102 
440-A, B,C 123 161 124 

6 152 222 141 
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corrodents and to the action of oxidizing and other det- 
rimental gases, because of their appearance, or be- 
cause they offer in addition to these properties strength, 
hardness, creep resistance, ductility, or toughness. 
However, not all of these features can be found in every 
stainless alloy. Thus, the selection of a particular grade 
depends upon the manufacturing and fabricating proc- 
esses to which the steel will be subjected. Selection 
also depends upon the service requirements of the 
finished stainless part. For example, in a few corrosive 


applications, the presence of nickel in a stainless steel 
may actually be detrimental. 


Economic considerations may also enter into the 
selection of a particular grade. The comparative costs 
of the various A.1.S8.I. stainless steels are listed in 
Table 1. The economical advantages of the chromium 
stainless steels (400 series) over the austenitic chro- 
mium-nickel grades (300 series) are quite apparent. 

This review is not only concerned with the particular 
grades covered by the standards of the American Iron 
and Steel Institute (A.I.S.I., Table 2) and the Alloy 
Casting Institute (A.C.I., Table 3), but also contains 
references to many other alloys. Thus, the more im- 
portant recent European developments are included. 


Chemical 


Designa- Mn, Si, Pp, S, 
tion Cc max mar maz. mar 
403 0.15 max. 1.00 0.50 0.040 0.030 11 
405 0.08 max. 1.00 1.00 0.040 0.030 11 
406 0.15 max. 1.00 1.00 0.040 0.030 12 
410 0.15 max. 1.00 1.00 0.040 0.030 11 
414 0.15 max. 1.00 1.00 0.040 0.030 11 
416 0.15 max 1.25 1.00 12 
420 Over 0.15 1.00 1.00 0.040 0.030 12 
430 0.12 max. 1.00 1.00 0.040 0.030 14 
430-F 0.12 max. 1.25 1.00 14 
431 0.20 max 1.00 1.00 0.040 0.030 15 
440-A 0.60-0.75 1.00 1.00 0.040 0.030 16 
440-B 0.75-0.95 1.00 1.00 0.040 0.030 16 
440-C 0.95-1.20 1.00 1.00 0.040 0.030 16 
446 0.35 max. 1.50 1.00 0.040 0.030 23 


Table 2—Chromium Stainless Steels: A.1.S.1. Standard Type Designations 


composition, 
Cr Ni Other elements 
50-13.00 Turbine quality 
50-13 .50 Al 0.10-0.30 
00-14 .00 Al 3.50-4.50 
50-1350 
50-1350 1.25-2.50 
00-14 .00 P, 8, Se min. 0.07, Zr, Mo max. 0.60 
00-14.00 
00-18 
00-18 .00 P, S, Se min. 0.07, Zr, Mo max. 0.60 
00-17 .00 1. 25-2 .50 
00-18 00 Mo 0.75 max. 
00-18 00 Mo 0.75 max. 
00-18 00 Mo 0.75 max 
00-27 00 N, 0.25 max 


Table 3—Chromium Stainless Steels: Alloy Casting Institute Type Designations 


Chemical composition, % 


Designa- Mn, Si, A S, Other 
tion Cc max max maz. max Cr Ni elements 

CA-15 0.15 max 1.00 1.50 0.04 0.04 11.5-14 1 max Mo 0.5 max.* 
CA-40 0.20-0 40 1.00 1.50 0.04 0.04 11.5-14 1 max. Mo 0.5 max.* 
CB-30 0.30 max. 1.00 1.00 0.04 0.04 18-22 2 max 

CC-50 0.50 max 1.00 1.00 0.04 0.04 26-30 4 max 

HC 0.50 max 1.00 2.00 0.04 0.04 26-30 4 max Mo 0.5 max.* 

50 max 1.00 0.04 0.04 7 


* Molybdenum not intentionally added. 


PHASE RELATIONS 
The primary phase relations of the chromium stain- 
less steels are principally centered upon the formation of 
austenite and or ferrite. Also, in alloys containing 


over 15 to 20% chromium, the possible appearance of 
the sigma phase between 1000 and 1500° F. (540 and 


815° C.) has to be considered. Moreover, in high- 
chromium alloys, which contain a relatively large pro- 
portion of austenite formers, some austenite may be re- 
tained at room temperature. 

Although the phase relations generally pertain only 
to the end points of reactions, the suppression of struc- 
tural changes, intermediate formation products, and 
transformation products may also be of significance. 


Thielsch 


May 1951 


I. Physical Metallurgy 


THE GAMMA LOOP 


Upon quenching or air cooling from temperatures 
above 1600° F. (870° C.), the common chromium stain- 
less steels, which do not contain other alloying elements, 
may exhibit a structure containing martensite or ferrite 
or both. In the chromium grades, this primarily de- 
pends upon the percentages of chromium and carbon 
which are present in the steel. The amount of each may 
be estimated from Bain’s*? “Gamma Loop” which, for 
each particular analysis, shows how much austenite may 
form at elevated temperatures. 


Effects of Alloying Elements 


Because most of the common martensitic and ferritic 
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stainless grades contain no alloying element other than 
chromium, the effects of chromium upon the extent of 
the Garnma Loop (Fig. 1) are of greatest interest. In 
the absence of carbon and other austenite-forming ele- 
ments, ferrite begins to appear as the chromium content 
is increased above about 11.5%. Moreover, the aus- 
tenite plus ferrite region is very narrow.‘ With in- 
creasing carbon content, the fully austenitic region 
widens somewhat and is extended at 0.1% carbon to 
about 12.5% chromium. The two-phase region is 
widened considerably more to about 18% chromium. A 
higher carbon content may extend the limits of both the 
single- and two-phase regions still further, but has more 
effect on the two-phase region. 

Effects similar to those produced by carbon are pro- 
duced by other austenite formers such as nitrogen, 
nickel, and manganese. On the other hand, the ferrite 
formers aluminum, silicon, molybdenum, etc., tend to 
reduce the extent of the Gamma Loop. The relative 
effectiveness of various elements was discussed pre- 
viously.* 


Martensite Transformation 


In steels with up to 14% chromium, martensite trans- 
formation from the austenite occurs at temperatures be- 
low 800 to 900° F. (425 to 480° C.). Thus, even on air 


cooling from temperatures at which austenite has 
formed (i.e., within the Gamma Loop), most of the 
austenite transforms into martensite. This, of course, 
is due to the extreme sluggishness of the austenite to 


ferrite transformation which occurs when the alloy is 
held at temperatures between 900 and 1600° F. (480 
and 870° C.). 


AUSTENITE 


CHROMIUM CONTENT 
Fig. 1 The “Gamma Loop” in stainless irons containing 
0.05% carbon (after Bain)™ 
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Retained Austenite 


In alloys, in which the presence of austenite formers 
extends the gamma region to compositions containing 
more than 16% chromium, increasing proportions of 
austenite may be retained at room temperature. This 
is caused by the increased sluggishness of transforma- 
tion which is due to the higher alloy content and in par- 
ticular to the tendency of chromium to stabilize aus- 
tenite at room temperature.” 

It should be remembered, however, that the ability 
of a particular alloy to form austenite at a chromium 
content exceeding 16% depends upon the amount and 
type of the austenitizers present. Thus, nitrogen, 
nickel, and carbon are most effective in retaining aus- 
tenite. In fact, if sufficient quantities of these elements 
extend the two-phase region of the Gamma Loop to 
above 23% chromium, all the austenite present at ele- 
vated temperatures may be retained on quenching. 
Manganese, which also extends the Gamma Loop, does 
not seem to stabilize the austenite as efficiently as 
nitrogen or nickel. Thus, alloys, containing over 23% 
chromium and forming some austenite because of the 
presence of manganese, experience some transformation 
of part of the austenite into martensite. 

If the austenite, which has been retained at room 
temperature, is exposed to temperatures between 750 
and 1470° F. (400 and 800° C.), all or most of the aus- 
tenite tends to break down into ferrite which contains 
carbides. Only in a few of the highly alloyed chromium 
stainless steels may the austenite be sufficiently stable 
to resist this breakdown. However, even in these alloys, 
some of the retained austenite tends to transform into 
ferrite and carbides. 

Although the retention of austenite is beneficial be- 
cause it improves certain room-temperature properties, 
alloys which form austenite at elevated temperatures 
show hot-working characteristics which are consider- 
ably lower than those exhibited by the fully ferritic 
steels. 


FERRITIC STAINLESS STEELS 


The ferritic stainless steels, which because of com 
position exhibit an essentially ferritic structure at any 
temperature, represent the most important series of the 
chromium stainless steels.'** 

Generally, the ferritic stainless steels are separated 
into two groups. The alloys of medium chromium con- 
tent usually range between 14% and 22 to 23° % chro- 
mium, whereas the high-chromium stainless steels con- 
tain between 22 and 30% or more chromium. More- 
over, in the steels of medium chromium content, car- 
bon, because of its tendency to extend the austenite 
region to a higher chromium content, is usually kept 
below 0.10 or 0.12%. In the high-chromium stain- 
less steels, a somewhat higher carbon content may be 
tolerated and is present in commercial grades because 
of the cost which would be involved in producing very 
low-carbon ferritic stainless steels. 
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MARTENSITIC STAINLESS STEELS 


The stainless steels which principally form martensite 
are also known as the hardenable stainless steels. In the 
absence of the major alloying elements which form aus- 
tenite, these hardenable stainless grades usually include 
the alloys containing between 10 and 14% chromium.* 
When there is a need for highest values of yield and 
tensile strengths, the use of alloys which form as much 
martensite as possible may be quite advantageous. 
Thus, these steels are used the most in applications 
requiring the combination of hardenability with good 
corrosion resistance. However, these grades are also 
used at elevated temperatures as heat-resisting ma- 
terials. 

As the amount of martensite also depends upon the 
amount of austenite formed at elevated temperatures, 
these steels should be quenched from temperatures at 
which the Gamma Loop has its greatest extent. This 
temperature lies at 1800° F. (980° C.) for steels con- 
taining about 12% chromium and increases to 2200° F. 
(1205° C.) if 22% chromium and a sufficient quantity of 
austenite formers are present. 

To avoid the formation of martensite, these steels 
have to be furnace cooled very slowly and held pref- 
erably above 1200° F. (650° C.). Thus, cooling rates 
of 50° F. (28° C.) per hour are usually recommended 
from 1600° F. (870° C.) down to 1200° F. (650° C.). 
The maximum permissible cooling rates will vary some- 
what with the alloy content. 

If, because of more rapid cooling rates, the steel has 
become martensitic, the martensite may be softened 
by soaking the steel thoroughly for about 2 hr. between 
1300 and 1400° F. (705 and 760° C.). Heating at a 
lower temperature is not sufficient to cause complete 
softening and, in fact, may have a detrimental effect 
on the physical properties. Austenitizing temperature!” 
and carbon content may cause some variations in the 
temperature limits of the “softening” range of the mar- 
tensitic chromium stainless steels. 

Although tempering below 1300° F. 
softening, the actual effects are similar to 
produced by aging processes. Thus, a steel which con- 
tained: 


(705° C.) causes 


those 


% 
C. 0.18 
Mn. 0.30 
Si. 0.42 
Cr. 12.4 
Ni. 0.17 


exhibited, after extended drawing at temperatures be- 
tween 840 and 1100° F. (450 and 595° C.), a parameter 
of over 0.001 Angstrom Units less than a specimen 
which had been annealed at 1470° F. (800° C.).”  Al- 
though Palatnik and Barkov* felt that this was caused 
by the precipitation of finely dispersed particles from 


* The usual upper limit for the wrought, low-carbon, chromium stainless 
steels which may be welded is 14% chromium A higher carbon content 
will raise the chromium limit Thus, a chromium stainless steel with 1% 
earbon and 18% chromium (A.1.8.1. Type 440C) would be hardenable and 
may form a fully martensitic structure on quenching from 1800 (980° 
C.). Such a high-carbon stainless steel exhibite poor weiding character- 


istics. 
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ferritic 


the supersaturated (martensitic) (acicular) 
solid solution, it seems more likely that a pre-precipita- 
tion process is actually responsible. This would consist 
of the formation of segregations of solute atoms in the 
ferrite matrix and straining the matrix in these regions 
by the existence of a coherent state. Similar explana- 
tions have been given in recent years by various authors 
to explain strain aging and temper brittleness in mild 
steels, and the 885° F. (475° C.) and High-Temperature 
Embrittlements which occur in the ferritic stainless 
steels. 

In these martensitic stainless steels, this ‘‘segrega- 
tion” or “coherent state’ hypothesis is well supported 
by the fact that a tempering treatment between 850 
and 1100° F. (455 and 595° C.) causes considerable 
embrittlement (Table 4) and reduces corrosion resist- 
ance, Fig. 2.157 It should be noted that, whereas 
toughness is at a minimum at tempering temperatures 
of about 900° F. (480° C.), corrosion resistance is at its 
lowest at a temperature of 1100° F. (595° C.). The 
precipitates which form in this temperature range are 
unlikely to produce severe (if any) detrimental changes. 
On the other hand, the formation of atomic segregations 
with accompanying lattice straining is known to cause 
embrittlement and to reduce corrosion resistance con- 
siderably. 

If steels have been embrittled by exposure between 
850 and 1100° F. (455 and 595° C.), their toughness and 
corrosion resistance may again be improved by an- 
nealing between 1300 and 1500° F. (705 and 815° C.)."? 

When these steels have been heated between 1600 
and 2100° F. (870 and 1150° C.), the amount of mar- 
tensite that forms on quenching generally can be deter- 
mined quite readily with the use of hardness readings. 
Thus, a fully martensitic structure will have a hardness 
of over 400 to 500 Brinell. Annealing reduces the hard- 
ness again to about 200 Brinell. 


Effects of Carbon Content 


In the martensitic grades, the air-hardening tendency 
depends on the carbon and chromium content of the 
steel. For commercial martensitic stainless steels, the 
effects of the carbon and chromium content on the free 
ferrite at a temperature of 1800° F. (980° C.) are shown 


Table 4—Effects of Tempering Temperature on the Charpy 
V-Notch Impact Toughness of a Martensitic, 16% Chro- 
mium-2% Nickel Stainless Steel (Type 431)* 


Tempering temperature, ° F. Toughness, ft.-lb 


400 81 
500 77 
600 65 
700 57 
800 47 
900 11 
1000 20 
1100 78 
1200 2 


* Minimum toughness values at 900° F. (480° C.) have also 
been reported for Type 410 chromium stainless steels. '” 
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Fig. 2 Effect of drawing temperature on the corrosion 
rates in 659% boiling nitric acid of a 129% chromium stain- 
ss casting” 


in Fig. 3.'** Since, at a constant chromium content, in- 
creases in carbon content decrease the quantity of fer- 
rite, which remains at austenizing temperatures, the 
air-hardening tendency increases with the carbon con- 
tent. That is, the amount and hardness of the mar- 
tensite becomes greater with increases in carbon con- 
tent. 

In the 12° chromium stainless grades (Type 410) 
containing no additional alloying elements, two major 
types are differentiated on the basis of their carbon con- 
tent. The low-carbon type (sometimes referred to as 
“modified”’) contains less than 0.08% carbon and is only 
partially hardenable. On the other hand, the ordinary 
grade, containing generally 0.08 to 0.15% carbon, 
usually is primarily martensitic and hardenable. 
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Effects on Corrosion Resistance 


Corrosion resistance is greatest in the martensitic 
(fully hardened) condition. Moreover, it increases with 
chromium content. Tempering between 900 and 
1100° F. (480 and 595° C.) decreases corrosion resist- 
ance considerably. 12% 17, 171, 178 The probable 
reason for this and the reduction in toughness may well 
be related to changes in the distribution of the carbon 
atoms which occur during the decomposition of mar- 
tensite. Thus, this phenomenon may possibly be ex- 
plained by the earlier mentioned segregation hypothe- 
sis. Corrosion resistance is again improved at higher 
temperatures at which chromium carbides would be 
precipitated. On the other hand, the older hypothesis 
may be valid instead. This suggests that actual pre- 
cipitation of chromium carbides during martensite de- 
composition at temperatures between 900 and 1100° F. 
(480 and 595° C.) may locally, reduce the chromium 
content around each precipitated carbide. Corrosion 
resistance may then be restored in some measure by 
heat treatments at higher temperatures which permit 
chromium diffusion to the impoverished area.'** 


STRUCTURAL PHENOMENA AFFECTING 
PHYSICAL PROPERTIES 


In addition to the formation of austenite and mar- 
tensite, the chromium stainless steels may become sus- 
ceptible to one or more phenomena which produce 
drastic changes in the physical properties of the nor- 
mally ferritic alloy. Distinctions should be made be- 
tween four major types: (1) 885° F. (475° C.) Brittle- 
ness, (2) sigma-phase precipitation, (3) High-Tempera- 
ture Embrittlement of ferrite, and (4) the notch-sensi- 
tivity of ferritic alloys. 

Apart from composition, the principal factors af- 
fecting these phenomena are the temperature to which 
the steels have been heated either during the heat treat- 
ment or during service and the time of exposure to such 
temperature. 


**885°°° F. (475° C.) BRITTLENESS 


This type of embrittlement occurs in chromium-iron 
alloys which contain between 15 and 70% chromium 
and are subjected to prolonged heating between 750 
and 1000° F. (400 and 540° C.). The embrittlement de- 
rives its name from the fact that its effects are most 
severe on exposure to temperatures around 885° F. 
(475° C.). 

Hardness readings are generally used as criteria to 
determine if 885° F. (475° C.) Brittleness has oc- 
curred. However, as this phenomenon seems to take 
place preferentially in the grain boundaries, hardness 
readings may not be sufficiently sensitive to reveal the 
initial stages of this embrittlement. Thus, impact* or 


*In the ferritic stainless steels containing over 16 to 18% chromium, 


eare should be taken that this 885° F. (475° C.) Brittleness is not confused 
with the notch-sensitive impact behavior of the higher chromium alloys. 
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temperature tensile properties of 27% chromium-iron 
alloy" 


40 


bend tests may be more suitable since they reveal this 
embrittlement before an increase in hardness may be 
detected. Ductility in the 
seriously altered during the early stages of the embrittle- 
ment. 


transverse direction is also 


Effects of Exposure Time and Cooling Rates 


The increase in tensile and yield strengths after ex- 
(475° 
tion in impact toughness and ductility. 
in Fig. 4 for a 27% chromium steel,'®"** in which the 
F. (475° C.) 


decreases 


posure at 885° F. ‘.) is accompanied by a reduc- 


This is shown 


prolonged exposure time at 885‘ increases 
the room-temperature strength the 
elongation considerably. The tensile strength during 
this time increases by 50° and the yield strength in- 
150% that of the material in an- 


and 


creases over above 
nealed form. 
Ordinarily, 
tests on specimens which are 
hours or days at 885° F. (475 
Notched specimens, on the other 


hardness tests, tensile tests, and bend 
not notched require many 
C.) before noticeable em- 
brittlement occurs. 
hand, may reveal this embrittlement in much shorter 
periods. This was shown by Zapffe and Worden'**:?° 


on a 26% chromium stainless steel 
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tensile properties at elevated temperatures of a 27% 
chromium stainless steel which had been embrittled by 
aging for 500 hr. at 885° F. (415° C.).'* (Specimens were 
heated | hr. at testing temperature before pulling) 
500° F. (260 
teristic ductility 
1000° F. (540° ¢ 
F. (475° C.) Embrittlement disappear at 
1000° F. (540° C.). In the chromium ferritic 
stainless steels with, for an example, a chromium con- 
tent of 17%, the effects of the 885° F. (475° C.) Em- 
brittlement are likely to be less severe than they were 
shown in Fig. 5 for a 27° Neverthe- 
less, after long holding periods at the embrittling tem- 
peratures, a 17% chromium-iron alloy can be expected 
to be completely embrittled, as subsequently shown by 


C.) the steel does not regain its charac- 

temperatures above 
The effects of the 885° 
and above 


until testing 


are reached. 


lower 


> chromium alloy. 


impact data in Table 6. 

In the common chromium-iron alloys, ordinary cool- 
ing rates through the embrittling range generally do not 
adversely affect the physical properties appreciably. 
However, in heavy sections, in which cooling rates are 
extremely slow, More- 
over, some alloying elements also reduce the exposure 
For titan- 


detrimental effects may occur 


periods necessary to cause embrittlement. 


ium-bearing alloys, this is evident from Fig. 6, which 


which showed embrittlement in a 


notch-bend test within the first half- 160 
hour of exposure at 885° F. (475° a RY 
20 Js 0.7% Ti q 

Once the high-chromium stainless NUS 

: a 1.2% 
steels have been embrittled by expo- Of Ti 
sure at 885° F. (475° C.), the effects 2.5% 
are evident at room temperature as 4 ~ “Say | 

well as at temperatures up to about 3-88 
1000° F. (540° C.). This is apparent a W = ‘ 
from Fig. 5 which shows the results \ 
of short-time tensile tests at tem- 0 Sel | 
peratures upto 1400° F. (760° C.) on / 5 10 50 100 
a 27% chromium steel.'** Although 
reduction of area and elongation im- Fig. 6. Effects of aging time and titanium content at 885° F. (475° C.) on the 


prove at testing temperatures above 
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room-temperature bending properties of 24% chromium steels*' 
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shows how increases in the titanium content up to 3.8% 
increase the rates of embrittlement of 240% chromium 
alloys held at 885° F. (475° C.) for various periods. 

Although air cooling of thin sections from elevated 
temperatures prevents 885° F. (475° C.) Embrittle- 
ment, heavier sections of highly susceptible composi- 
tions may have to be quenched from temperatures 
above 1100° F. (595° C.). 

Severely cold-worked alloys seem to be more sus- 
ceptible to 885° F. (475° C.) Embrittlement than an- 
nealed or tempered grades. '*! 


Effects of Alloying Elements 


Small amounts of other elements may modify the 
degree of 885° F. (475° C.) Brittleness and/or the range 
in which it occurs. Thus, Riedrich and Loib*' reported 
that titanium above 0.9% and columbium above 2.4°7 
tended to increase the severity of embrittlement notice- 
ably. However, the elements did not appear to lower 
the range of chromium content in which precipitation 
occurred. Silicon, molybdenum, carbon, and aluminum 
seem to produce similar effects. Manganese, on the 
other hand, in amounts above 3%, seems to raise by 
several per cent the amount of chromium necessary be- 
fore embrittlement can be observed. Nickel in small 
amounts is believed to increase** and nitrogen is be- 
lieved to decrease*'® the degree of 885° F. (475° C.) 
Brittleness. It should be remembered, however, that 
the balance between these elements is extremely sensi- 
tive. Thus, it is quite difficult to point to any one ele- 
ment as being responsible for causing failure in the field 
under service applications at temperatures between 750 
and 1000° F. (400 and 540° C.). 


Effects on Corrosion Resistance 


Corrosion resistance in acid solutions is also re- 
duced.‘ by the 885° F. (475° C.) Embrittlement. In 
fact, the effects of 885° F. (475° C.) Embrittlement 
seem of considerably greater severity than if sigma- 
phase precipitation had occurred instead. This is 
shown in Table 5 for a 27% chromium iron after it was 
immersed in boiling 65% nitric acid. However, after 
“sigmatizing’’ periods of 6000 hr. or longer, the speci- 
men should be expected to exhibit higher corrosion 
rates than after the service exposure of 2900 hr. re- 
ported in Table 5. 


Distinction from Sigma-Phase Precipitation 


The fact that 885° F. (475° C.) Brittleness differs in 
some ways from sigma-phase precipitation was indi- 


Table 5—Effects of 885° F. (475° C.) and Sigma-Phase Em- 
brittlement on Corrosion Resistance of a 27% Chromium- 
Iron Immersed in 65% Boiling Nitric Acid” '*' 


Penetration per 
Condition 
Annealed 1 hr. at 1600° F. (870° C.), water- 
quenched 
Embrittled 500 hr. at 885° F. (475° C.) 
Embrittled 6000 hr. at 885° F. (475° C.) 
Sigma precipitated in 2900-hr. service 
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cated by hardness determinations by Houdremont® 
whose results are shown in Fig. 7. Similar data are re- 
ported by other investigators.** The alloys containing 
17.9 and 28.4% chromium did not reveal any hardening 
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because of sigma-phase precipitations, although still 
longer periods should cause some precipitation in the 
28.4% chromium steel. On the other hand, the pre- 
cipitation caused by 885° F. (475° C.) Brittleness con- 
siderably increased hardness in these alloys. The ef- 
fects of temperature are also apparent in Fig. 7. 


Causes of 885° F. (475° C.) Brittleness 


Although definite information as to the nature of this 
embrittlement is still lacking, it has been associated by 
most investigators with a grain boundary phenomenon 
of some kind.* 5 ™ 2% 41, 124 14 Actually it is likely 
that the embrittlement occurs within the grains as well 
since fractures of embrittled alloys usually are trans- 
granular instead of intergranular. However, the rate at 
which the phenomenon forms, which causes the em- 
brittlement, may be much higher along the grain bound- 
aries. This may explain why certain etching solutions 
usually reveal a grain boundary widening. This dis- 
appears again when the alloy is heated to temperatures 
at which the 885° F. (475° C.) Embrittlement is re- 
moved.” '42 However, why this brittleness should 
widen the grain boundaries on electrolytic etching in 
10% oxalic acid,*' for example, is not quite clear.”* 

As it occurs even in highly purified chromium-iron 
alloys, 2% 7% 74 885° F. (475° C.) Brittleness cannot be 
associated with precipitation of carbide or nitride par- 
ticles. The suggestions that the embrittlement may be 
caused by the precipitation of chromium phosphides** 
have received little, if 


or chromium monoxides!77. 2°. 208 
any, support by other investigators. 

A possible answer may have been given by Bandel 
and Tofaute* and by others,'®~!* who compared 
the 885° F. (475° C.) Brittleness to the room-tempera- 
ture aging of Duraluminum alloys (see also Newell"). 
If the relations are similar, 885° F. (475° C.) Brittle- 
ness might well be due to stress conditions caused by the 
formation of atomic complexes or disturbances short of 
a precipitation of the FeCr phase. The atomic ag- 
gregates are likely to be of higher chromium content 
than the ferrite matrix. They do not form a stable 
crystalline structure, but might be thought of as an in- 
termediate transition stage between the solution of 
chromium in ferrite and the final sigma phase. 

If 885° F. (475° C.) Embrittlement is caused by pos- 
sible clusters of chromium atoms at the grain boundaries 
and, to a lesser extent, within the grains, this brittleness 
might then be compared to the High-Temperature Em- 
al- 


However, 


discussed subsequently. 


brittlement 


though the 885° F. (475° C.) Embrittlement is par- 
ticularly severe in the grain boundaries, the High- 
Temperature Embrittlement occurs within the grain. 
Moreover, because of temperature differences and the 
greater diffusibility of carbon in iron, the High-Tem- 
perature Embrittlement occurs at much faster rates 

Impact and hardness data reported by Wilder and 
Light® from tests on a 17% chromium and 0.09% 
carbon specimen exposed for long periods at various 
elevated temperatures also indicate that there is some 
relation between 885° F. (475° C.) Brittleness and 
sigma-phase embrittlement. Their results are repeated 
in Table 6. The hardness increase at 900° F. (480° C.) 
is in good agreement with the severe reduction in im- 
pact toughness. The reduction in impact toughness 
which oceurred after the alloy was held 10,000 hr. at 
1050° F. (565° C.) indicates sigma precipitation which 
must be extremely fine because of the lack of an in- 
crease in hardness values. Moreover, it also seems sig- 
nificant that, on extremely long holding periods, the 
composition range in which sigma precipitates ap- 
proaches that of 885° F. (475° C.) Brittleness. The 
change in hardness does suggest a change in the distri- 
bution of the chromium atoms. Thus, it might well be 
that the aging mechanism is similar to strain aging 
which may occur in many mild steels. For example, as 
is true in strain aging, long exposure of the chromium 
stainless steels at 885° F. (475° C.) does not result in 
overaging, that is a return to ductile behavior and a 
reduction in the hardness. 

In recent years a number of investigators have sug- 
gested that strain aging in mild steels is caused by 
atomic disturbances which are primarily due to nitrogen 
or earbon. 


Removal of Effects of 885° F. (475° C.) Embrittle- 


ment 


Alloys, in which 885° F. (475° C.) Embrittlement has 
occurred, may be returned to their normal ductile state 
by heating them for short periods at temperatures above 
1100°. F. (595° C.).8 
to sigma-phase precipitation in relatively short periods 
of exposure, temperatures up to 1470° F. (800° C.) are 
However, in alloys with over 


For compositions not susceptible 


often recommended.” 
25% chromium, in which sigma precipitation may 
occur more rapidly, temperatures nearer 1100° F. 
(595 Thus, Newell” and 
Heger'* reported that for one steel, containing 27% 
chromium, 1 hr. at 1100° F. (595° C.) or 5 hr. at 1050° 
F. (565° C.) was sufficient to remove the effects of the 


C.) should be employed 


Ex posed 


400 hr.* 
Before 900° F. 
exposure (480° C.) ( 
Charpy keyhole impact (ft.- 46 0.3 
>.) 
Brinnell Hardness values 175 197 


(converted ) 


Table 6—Effects of Temperature and Time Upon Impact Toughness and Hardness of 17% Chromium Steel™ 


Exposed 
- 1000 hr . —Exposed 10,000 hr 
1050° F 1200° F. 900° F 1050° F 1200° F. 
585°C.) (650° C.) (480° C.) (565° C 650 C.) 
32 34 1 3 4 
175 167 269 163 153 
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embrittlement. In these same alloys, extended times 
of several thousands or more hours at temperatures 
above 1000° F. (540° C.) resulted in the formation 
of the sigma phase."*? This is apparent from Fig. 8, in 
which are shown the effects of time and temperature 
upon the softening of a 27°% chromium steel which had 
been embrittled by holding for 500 hr. at 885° F. (475° 
C.). It is noteworthy that after 1000 hr. at 1200° F. 
(650° C.) the elongation begins to drop again because of 
the initiation of sigma precipitation. 


Effects of Welding 


Ordinarily, it is doubtful that welding operations may 
cause 885° F. (475° C.) Embrittlement. Only in weld- 
ing operations of heavy sections of highly susceptible 
alloys may the deposition of multiple-bead deposits 
cause some brittleness. In those alloys, a postannealing 
treatment above 1100° F. (595° C.) may be advisable, 
unless brittleness can be prevented by the control of the 
interpass temperatures. 

In very heavy sections, preheating prior to welding 
should be practiced with care on chromium stainless 
steels with over 15 to 16% chromium, as preheating 
would reduce cooling rates through the 885° F. (475° C.) 
Embrittlement range considerably. 


Effects in Service Application 


Because of the 885° F. (475° C.) Embrittlement, fer- 
ritic chromium-iron alloys containing over 16% chro- 
mium should not be used between 700 and 1050° F. (370 
and 565° C.) when ductility and toughness are desired. 
This, for example, is true in refinery applications where 
failures have oceurred in 17% chromium stainless steels 
(Type 430) exposed near 885° F. (475° C.).12% 182 
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Fig. 8 Effects of annealing time and temperature on the 
recovery (elongation) of a 279% chromium steel which had 
been embrittled by aging for 500 hr. at 885° F. (475° €.)'* 


SIGMA-PHASE EMBRITTLEMENT 


The sigma phase, described in a previous review* in 
austenitic chromium-nickel stainless steels, also appears 
as a hard and highly brittle, nonmagnetic phase in cer- 
tain chromium stainless alloys. Although in these steels 
the sigma phase is generally labeled FeCr, other ele- 
ments may go into solution with this phase. It is gen- 
erally agreed that the sigma phase exhibits a tetragonal 
unit cel]. 182, 192, 205 

The phase relations of the sigma phase in highly puri- 
fied chromium-iron alloys are shown in Fig. 9.” Pure 
sigma (FeCr) may be obtained by means of appropriate 
heat treatments in alloys containing between 42 and 
48% chromium. A duplex structure of both ferrite and 
sigma may occur when alloys containing as little as 17% 
and as much as 70% chromium are exposed to tempera- 
tures between 1000° F. (540° C.) and 1500° F. (815° 
C.). The actual temperature limits are difficult to as- 
certain because they are influenced by alloying ele- 
ments and by the fact that the transformation rates are 
extremely slow in the lower chromium alloys—parti- 
cularly at temperatures below 1100° F. 
(595° C.). For example, Heger® '** 
showed that in a 27% Cr-Fe alloy a 
very fine precipitate had formed after 
aging for 1000 hr. at 950° F. (510°C.). 


Rates of Sigma Formation 


In most chromium-iron alloys, the 


& 


rates of sigma formation are suffici- 
ently slow that castings as well as 


Temperature 


weld deposits are unlikely to exhibit 
the sigma phase. This is apparent 


from Fig. 10 in which are shown the 
time required for sigma to form in 
alloys which contain: 


1200 
/ \ % 
° ee o ° ee +600 Cc 0.04- 0.08* 
wun, A % Cr 15. 37-33 .03 


Fig.% lron-chromium phase diagram in binary alloys of high purity; 25 to 

76% chromium. This diagram shows pure sigma phase from 44 to 50% chro- 

mium and mixed alpha and sigma phase from about 25 to 449% of chromium Mo. 

with phase boundaries for of 1100 to 1500° F. (595 to 815° 
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* A higher carbon content would reduce the rates 
of sigma formation. 
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Specimens, which were air-cooled from temperatures 
above the sigma-phase range, should also be unlikely 
to contain sigma. These considerations do not neces- 
sarily hold true in cold-worked chromium stainless 
steels and in some of the austenitic chromium-nickel 
stainless steels.? 


Effects of Alloying Elements 


Most of the ferrite formers such as molybdenum, 
silicon, 1% 196, 16 ete, shift the sigma-precipitation 
range to a lower chromium content. In addition, 
many of these elements tend to increase or decrease the 
temperatures required for the precipitation of sigma. 

Similar effects are also produced by the austenite 
stabilizers nickel® ® 11% 146 and manganese.''* 144 
1%, 212 This seems to be caused primarily by the ability 
of the sigma phase to absorb up to 10% of nickel''* and 
as much as 35°% of manganese.''* Nickel also raises the 
temperature range for sigma formation from 1500 to 
1700° F. (815 to 925° C.).1% 

Nitrogen seems to be ineffective in the chromium 
stainless steels. Similarly, carbon in excess of its solu- 
bility limit in ferrite depletes the ferrite of chromium by 
forming chromium-rich carbides. This reduces the rate 
of sigma formation and causes a shift of the ferrite- 
ferrite plus sigma boundary to higher values of total 
chromium. 


Effect of Cold Work 


Cold work also enhances the precipitation of the 
sigma phase considerably.* 1° %, 19, 160, 162 

Houdremont’s results, reported graphically in Fig. 7, 
show the extreme sluggishness of the sigma transforma- 
tion in chromium-iron alloys which do not contain any 
other alloying additions. After 100 hr., sigma had be- 
gun to form in the 50.6% chromium alloy, but had not 
After 1000 hr., 


sigma formation was probably complete in the 50.6% 


started in the 34.9°7 chromium alloy. 


chromium alloy and was just starting in the 34.9% 
Sigma did not form in either the 28.4 
Every investigator of 


chromium alloy. 
or the 17.9% chromium alloy. 
these plain chromium-iron alloys has stated that cold 
deformation is a prerequisite for the formation of sigma 
in any reasonable time.'*® For example, peening the 
welds of chromium-iron alloys susceptible to sigma 
formation will start this formation, which otherwise 
might never begin.'*® 


Effects on Mechanical Properties 


In commercial alloys, the presence of sigma precipita- 
tion generally is highly undesirable. Although catas- 
trophic failures in service resulting from sigma-phase 
embrittlement have occurred only in a few instances, 
serious losses in toughness and ductility may be respon- 
sible for cracking during certain fabricating operations 
As an extreme example, Oliver'’* mentions that low- 
carbon, 27° chromium stainless steels can break like 
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plate glass when dropped a few feet on a floor after 
being exposed for 500 hr. at 1350° F. (730° C.). 

Ordinarily, sigma-phase embrittlement may seriously 
reduce creep strength and stress-to-rupture properties 
at elevated temperatures. However, the effects of the 
sigma phase depend not only upon the quantity but also 
upon the size and distribution of the particles and upon 
the temperature at which they are formed. Thus, a fine, 
well-dispersed sigma precipitate has been found to be 
beneficial in certain valve steels which are used at tem- 
(760° C.). 


peratures up to 1400° F. 


Effects in Castings and Weld Deposits 


In the primarily ferritic stainless compositions, sigma 
seems to form more rapidly in wrought alloys than in 
castings'®? or weld deposits.'** According to Gilman!® 
the rate of sigma formation seems to depend upon the 
rate of cooling during initial solidification. 


Solution of Sigma 


Unlike the austenitic chromium-nickel steels, where 
complete solution of sigma is accomplished at tempera- 
tures above 1900 to 2000° F. (1040 to 1095° C.),° in 
the chromium stainless steels, sigma solution may be 
accomplished with relatively short holding periods, for 
F. (870° C How- 
ever, the presence of some elements such as nickel, 


example, 1 hr. at or above 1600 


molybdenum, and/or manganese reduces solution rates 
and may necessitate longer holding periods or higher 
temperatures. 

For steels in which sigma has formed, the most suit- 
able annealing temperatures will vary for each par- 
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ticular alloy. With 27% chromium steels, best results 
seem to be obtained by first annealing the alloy for at 
least 1 hr. at temperatures between 1400 and 1600° F. 
(760 and 870° C.) and then water quenching it.!” 

The effects of various annealing temperatures be- 
tween 1200° and 1600° F. (650 and 870° C.) upon the 
mechanical properties of a 27% chromium steel are 
shown in Fig. 11." Although these test results show a 
surprisingly high ductility for the air-cooled specimens, 
they may be misleading as far as mill experiences are 
concerned. Thus, as Heger and Cordovi'** pointed out 
that, for the cold draw of tubes, an air cool from tem- 
peratures between 1400 and 1600° F. (760 and 870° C.) 
will invariably give unsatisfactory results, and only by 
employing a drastic water quench can sufficient ductility 
be obtained. Moreover, the inherent notch-sensitivity, 
which is due to surface conditions, is beneficially af- 
fected by and shows an even greater need for rapid 
cooling from the annealing temperatures. On the other 
hand, Bungardt'’* reported that experiences in Ger- 
many indicate that air cooling of 27% chromium stain- 
less steels as wrought products and as seamless tubes is 
satisfactory. This latter contention also seems to be 
supported by other investigators.'** 
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Fig. 11. The effects of annealing temperature and cooling 
rate on the mechanical i of a 279% chromium 
steel’ 
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HIGH-TEMPERATURE EMBRITTLEMENT 


Chromium stainless steels which are or become fully 
ferritic above 2100° F. (1150° C.) are susceptible to an- 
other so-called High-Temperature Embrittlement.* 
Since the effects of this embrittlement may be removed 
by suitable heat treatments at intermediate tempera- 
tures, it is not ordinarily observed in wrought steels. 
However, castings or weld deposits, in the as-cast or as- 
welded state, may show a severe embrittlement, which 
may be removed by subsequent heat treatments. 
Wrought ferritic grades may also show this embrittle- 
ment when the steel has been exposed to and air-cooled 
or water-quenched from temperatures above 2100° F. 
(1150° C.). 

In the ferritic stainless castings, the brittleness is 
most severe in thin sections where the cooling rates are 
most rapid. Some improvements may be noted when 
the lowest possible pouring temperatures are used since 
the degree of brittleness increases with pouring temper- 
ature.** 7 On the other hand, casting temperatures 
must be sufficiently high to allow the molten metal to 
flow into all parts of the mold.” In weld deposits, the 
embrittlement occurs in the ferritic weld and in that 
part of the adjacent heat-affected zone which has been 
heated to temperatures above 2100° F. (1150° C.).*! 


Effects of Structure 


The High-Temperature Embrittlement seems to be 
accompanied by severe grain growth, although a large 
grain size alone will not account for the embrittlement. 
As this severe grain growth cannot occur unless the aus- 
tenite and the carbides have been dissolved, its associa- 
tion with the High-Temperature Embrittlement is ap- 
parent. Thus, carbide stabilizers, which raise the tem- 
perature at which these particles go into solution, seem 
to increase proportionally the minimum temperature at 
which embrittlement can be noted.* * 

Solution of carbides, which promotes consequent 
grain growth at the lower temperatures around 1830 to 
2010° F. (1000 to 1100° C.), is enhanced by the length 
of holding. Moreover, as the chromium content in- 
creases, the solution temperatures of carbon seem to be 
lowered somewhat. Thus, an alloy containing 24.8% 
chromium and 0.20% carbon was severely embrittled 
after holding for 100 hr. at 1830° F. (1000° C.).% This 
is shown in Fig. 12. The beneficial effects of carbide 
stabilizers and of the presence of some austenite are also 
apparent in this figure. 

Thus, the temperature limit above which the High- 
Temperature Embrittlement occurs primarily de- 
pends upon the structure. Embrittlement may occur in 
a ferritic matrix as soon as the carbides have gone into 
solution. This, however, is a function of time. Conse- 
quently, whereas ordinary fabricating operations (weld- 
ing, casting, etc.) and standard heat treatments are not 
likely to cause embrittlement, in ferritic steels at tem- 
peratures below 2100° F. (1150° C.), long exposures at 
temperatures as low as 1800° F. (980° C.) when accom- 
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panied by carbide dissolution (no austenite present) are 
likely to cause this embrittlement. 


Effects on Mechanical Properties 


In Fig. 13 are shown the effects of the High-Tem- 
perature Embrittlement on the mechanical properties of 
a partially ferritic stainless steel containing: 


% 

Cc 0.067 

Mn 0.46 

Si 0.37 

Ni 0.33 
Cr 12.91 


The drop in toughness and the simultaneous increase 
in tensile strength and hardness between 1600 and 
2200° F. (870 and 1205° C.) are related to the formation 
of austenite at these temperatures which, on quenching, 
transforms to martensite. These effects are most pro- 
nounced at 1800° F. (980° C.), where the largest amount 
of austenite is formed. Above 1800° F. (980° C.), 
austenite tends to transform into (delta) ferrite and, at 
2200° F. (1205° C.), all of the austenite has trans- 
formed into (delta) ferrite. The carbides, which had 
initially gone into solution in austenite, remain in solu- 
tion in (delta) ferrite. Since above 2200° F. (1205° C.) 
this alloy had become fully ferritic, it became subject to 
severe grain growth and, simultaneously, to embrittle- 
ment. 

Hardness determinations also exhibit a considerable 
This occurs, however, at 


increase in hardness values. 
somewhat higher temperatures than the embrittle- 


ment. 

Since, as in the martensite-ferritic grades, hardness 
increases may be caused either by the formation of 
martensite or the High-Temperature Embrittlement, 
the hardness values alone cannot be used as criteria to 
identify the other mechanical properties of these stain- 


less steels. 


Removal of Embrittlement 


‘ Although it does not reduce the excessive grain size, 
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Fig. 12 Effect of annealing for 100 hr. at temperatures 
between 1650 and 2190° F. (900 and 1200° C.) on the bend- 
ing properties of 2-mm. thick sheet specimens of different 
composition™ 
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Fig. 13 Effect of quenching temperature on the me- 
chanical properties of a modified (low-carbon) 13% chrom- 
ium stainless steel 


annealing embrittled alloys between 1350 and 1450° F. 
(730 and 790° C.)* does remove most of the detrimental 
effects of the High-Temperature Embrittlement.*' This 
is evidenced by the precipitation of the carbides which 
had gone into solution in the ferrite matrix. The an- 
nealing treatment is particularly important in castings 
and weld deposits of the ferritic stainless steels which 
have been embrittled by exposure to temperatures 
above 2200° F. (1205° C.). Although welds are some- 
what improved by the deposition of small multiple de- 
posits which produce some annealing effect, a full post- 
annealing treatment should be employed wherever a 
restoration of the ductile properties of the steel is de- 
sired. 

It is now apparent that the degree of embrittlement 
in castings and weld deposits depends on two factors, 
(1) the amount of time required to cool the steel through 
the high-temperature (embrittling) range and (2) the 
amount of time in the intermediate-temperature range 
which allows the reprecipitation of carbides. Thus, 
castings and weld deposits should be allowed to cool as 
rapidly as possible through the high-temperature range 
and to cool slowly through the intermediate-tempera- 
ture range. The first factor supports the reason why 
the casting temperatures should be kept as low as pos- 
sible, and the second, why the severity of embrittle- 
ment decreases as the section size of the casting is in- 


* Although lower and higher temperatures would also remove the effects 
of this embrittlement, this temperature range is selected for its beneficial 
effects on the other metallurgical characteristics of the steel 
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creased. However, it should be remembered that rapid 
cooling through the high-temperature embrittling range 
is not sufficient to give the alloy its characteristic ductile 
properties. Thus, thin stainless castings, although they 
were cooled rapidly, are still extremely brittle. 


Causes of Embrittlement 


Since the High-Temperature Embrittlement is ac- 
companied by a severe grain growth which was caused 
by the complete disappearance of the austenite phase as 
well as the solution of carbides and other possible par- 
ticles, a relation should seem apparent. During cooling, 
most of the carbon does not reprecipitate as carbides. 
Thus, at room temperature, the ferrite phase is super- 
saturated with carbon. Apparently, the carbon is not 
uniformly distributed in the ferrite lattice, but is 
grouped in atomie clusters as has been suggested for 
certain age-hardening alloys.”” This hypothesis is 
supported by the increase found in hardness values 
after the carbides have gone into solution.t 

Annealing between 1350 and 1450° F. (730 and 790° 
C.) causes the reprecipitation of carbides, and, thus, re- 
moves the carbon clusters and, consequently, causes the 
disappearance of the embrittlement and the increase in 
hardness values. Therefore, when toughness is a de- 
sirable feature, weld deposits on ferritic stainless steels 
should preferably be annealed in this temperature 
range. 


NOTCH-SENSITIVITY 


Unlike the austenitic stainless steels, the ferritic 
stainless grades may become highly notch  sensi- 
tive.* 74 Tn this respect, they may well be compared 
to mild and low-alloy steels. 

At room temperature, this notch effect is reflected by 
tensile as well as by impact properties. It does not 
occur in impact tests on specimens without notches. 
This was brought out by Newell” and Heger'** who 
showed the effects of a full V-notch* and no notch on the 
impact properties of a 27°% chromium iron. Their test 
results at various temperatures are shown in Fig. 14. 
It is apparent that, in this composition, the transition 
temperature from ductile-to-brittle behavior in notched 
specimens occurs above 300° F. (150° C.). The effects 
of notches upon strength and elongation of standard 
0.505-in. diameter tensile specimens made from 27% 
chromium steels are shown in Fig. 15.'** Thus, al- 


though notches raise the tensile and yield strengths, 
they reduce ductility considerably. The notch has the 
effect of restraining contraction so that the entire area 


t Similar consideration may also explain some of the other types of em- 
brittlement oecurring in ferritic steels 


t Effects of annealing temperature and time on the removal of the High- 
Temperature Embrittlement of a 17% chromium stainless steel were recently 
shown by Kiefer.'” 


* Full V-notch conforming with A.8.T.M. Designation E23-41T l/s 
and */; depth notches were produced by machining the notched side of the 
specimens to approximately '/; or */; of the usual dimension. The speci- 
mens with no notch had the notch fully removed by machining the 0.315 in 
thickness; this leaves the area of the specimens at the base of the notch con- 
stant in all tests. 
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Fig. 14 Effects of testing temperature and notch depth on 
the V-notch impact properties of a 27% chromium-iron 
alloy'* 


of the specimen is effective in carrying the maximum 
load, whereas, without the notch, the specimen under- 
goes local contraction. In both tensile 
strength is figured as the unit stress based on the 
original 

It should also be remembered that the actual transi- 
tion-temperature ranges may be somewhat raised by (1) 
increases in the speed of testing, (2) increases in the 
sharpness of the notch, (3) increases in the width of the 
test specimen, and (4) the presence of residual strains in 
the test specimen.** '* In addition, prior heat treat- 
ments may also affect the transition temperatures. 


cases, the 
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Fig. 15 The effects of testing temperature and notch 
radius on the short-time tensile properties of a 27% 
chromium-iron alloy'® 
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Effects of Chromium Content ATOMIC PER CENT CHROMIUM 


In th -al ferritic ct [ 2 43 64 86 28 70 22 233 
n the commercial ferritic chro- pres | 
| 0008 C ——*002 Ve C 0/0 C Q20%e C 
from ductile-to-brittle behavior at | 
room temperature occurs in alloys 120 4 +>- +o 
containing between 16 and 18° | 
As the chromium content is de- = | 
creased, the transition range is © 20+ | 4 
shifted to lower temperatures 
Results by Lincoln™ are shown 5 6o | } 
in Fig. 17. They demonstrate 2 
in alloys on impact specimens with 
a modified Charpy notch. 20 t——+ 
Commercial steels with a chro- 
have their transition range above 4 6 
room temperature. Thus, the 27°; WEIGHT PER CENF CHROMIUM 
chromium steels exhibit transi- Fig. 16 Effects of variation in chromium and carbon content on the notch- 
tion temperatures hetween 150 impact toughness of commercial chromium stainless steels"' 
and 300° F. (65 and 150° C.), Fig. 14. 
Whereas e above considerations are typics 
here th jove consid 40°% chromium, Fig. 18. In fact, the impact toughness 
co zrades, vacuum-meitec alloys oO ngh or , 
ra — increased with chromium content up to 25 to 
purity exhibit highly superior properties. 
; rhe decrease in toughness of alloys with over 35% 
Thus, Binder and Spendelow’? showed that, in 
chromium may also suggest sigma tormation.’”” 
vacuum-melted, chromium-iron alloys, the ductile-to- 
brittle transition of Izod impact specimens at room 
temperature occurred only in alloys containing 35 to Effects of the Carbon and Nitrogen Content ‘ 


Until recently, it had generally been believed that 


TEMPERATURE —‘F this severe notch-sensitivity occurred independent of 
-100 ts) 100 200 carbon and nitrogen content.* ™ However, recently 
| | | | ee Hochmann™ and Binder and Spendelow"? have 
shown conclusively that, when the total carbon and 
220 nitrogen content are reduced to below 0.01%, the im- 
pact strength of 259% chromium-iron alloys will be of 
: 200 the order of 80 to 100 ft.-lb. The effects of the total 
carbon and nitrogen content upon the ductile-to-brittle 
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iron alloys containing less than 0.01% C alloys'™ 
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Fig. 19 Influence of carbon and nitrogen on toughness of 
chromium -iron alloys. Open circles — high-impact 
strength alloys; solid circles—low-impact strength alloys’ 


transition of Izod impact specimens at room tempera- 
ture are shown in Fig. 19 for alloys of different chro- 
mium content. That the effects of carbon and nitrogen 
are additive is apparent from Fig. 20. 

Unfortunately, at the present time, it is only possible 
to produce these highly pure alloys by melting in a 
vacuum or under an inert atmosphere and by using 
selected raw materials.* 

It is quite likely that only the uncombined amounts 
of carbon and nitrogen are effective in exhibiting this 
strong influence upon transition temperatures. — If 
compounds, such as carbides, nitrides, ete., are formed 
by these elements, only the remaining free or dissolved 
quantities of carbon and nitrogen should be held re- 
sponsible for affecting transition temperatures. On 
the other hand, it also might seem possible that postu- 
lates similar to those which are suggested as one of the 
explanations of temper brittleness might apply here 
If the carbides or nitrides, which precipitate in the 
grain boundaries, are of a critical size and distribution, 
brittleness, as shown by the notched-bar test, might be 
exhibited by the higher chromium stainless steels as 
well as by other ferritic steels. 

If the nitrogen content exceeds 0.08 to 0.10°;, the 
properties of the chromium stainless steels are again 
improved. Thus, in commercial air-melting practice, 
where total carbon and nitrogen levels below 0.01% 
cannot be obtained, the impact strength and ductility of 
steels containing upward of 20°) chromium can be im- 


proved by the addition of some 0.10 to 0.25%, nitro- 
gen.** Tt may well be that the beneficial effects of 
the higher nitrogen content are caused by the precipita- 
tion of nitride particles. For alloys containing 17 to 
19% chromium, the beneficial effects of nitrogen are ap- 
parent from Fig. 21. The low-carbon-nitrogen speci- 
mens (Zone I) exhibited Izod impact values between 80 
and 100 ft.-lb.; the specimens, which by their carbon and 
nitrogen content belonged in Zone II, generally were 
extremely notch sensitive and exhibited impact values 
below 10 ft.-lb.; and the steels of high-nitrogen content 
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(Zone III) showed intermediate impact values between 
30 and 50 ft.-Ib."* 
It seems likely that, as the nitrogen (and possibly 


carbon) content is increased above 0.10%, the tend- 
ency of these elements to form compounds increases 
also. Or, if sufficient quantities of these particles form, 
the notch-embrittling action of the remaining uncom- 
bined quantities of carbon and nitrogen will be re- 
duced. 

Although nothing has been said about the effects of 
phosphorus and oxygen, it is likely that the presence of 
more than the usual quantities of these elements would 
also be effective in enhancing the action of carbon and 
nitrogen. 


Fractographic Analysis 


Zapfie,*” in fractographic studies, related the 
inferior notch-impact resistance to a block-like crystal 
architecture which offers a minimum of resistance to the 
propagation of fracture. However, as this crystal pat- 
tern does not lower the impact resistance of the un- 
notched specimens (Fig. 14), Zapffe’s explanation does 
not seem sufficient. Thus, this ‘“block-like crystal 
architecture’ would not appear in fractures of un- 
notched impact specimens tested at room temperature. 
If, however, the appearance of the fractures is correlated 
with triaxial stress conditions, a relationship:may be de- 
veloped between the block-like micrographic fracture 
pattern (and not the inherent crystal architecture) and 
the low impact values of the notched impact speci- 
mens. 


Effects of Grain Size 


Grain size has a considerable effect on the tempera- 
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Fig. 21 Effects of carbon and nitrogen on the toughness of 
17 to 19% chromium-iron alloys. Open circles—high im- 
pact-strength alloys; solid circles—low impact-strength 
alloys; semisolid circles—intermediate impact-strength 
alloys; triangles represent commercial arc-melted steels” 
(Zones I, I and III repersent low, medium and high nitro- 
gen content, respectively) 


ture range in which transition from high to low notch 
1834 This is demonstrated in Fig. 


toughness occurs.*” 
22 which gives data collected by Scherer'*‘ on an alloy 
containing 0.10% C, 18% Cr, and 1.89% Mo. The large 
grain size was obtained by heating the steel at 2100° F. 
(1150° C.). 

This is also important in welding where, because of 
excessive grain growth, the heat-affected zone may have 
become highly notch sensitive. If the adjacent parent 
metal is fine grained, its transition zone may lie below 
room temperature, and, therefore, the parent metal 
ordinarily would not be considered to be notch sensitive. 
Of course, these considerations primarily depend upon 
the composition of the alloy. 


Effects on Applications of High-Chromium 
Stainless Steels 


At temperatures which lie above the transition range 
in which the change from ductile-to-brittle behavior 
occurs, the high-chromium stainless steels exhibit their 
natural ductility and toughness. Thus, the high- 
chromium stainless steels find their major application at 
elevated temperatures.'!? 

In room-temperature applications, the high-chro- 
mium stainless steels should be used only when notch- 
sensitivity is not a factor in the use of the material. 
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Effects on Design 


Designs and parts made from these notch-sensitive 
stainless steels should be simple and eliminate as much 
as possible notches and other surface irregularities. 
Thus, key-ways, re-entrant angles, and sharp radii 
should be avoided whenever possible.’ Scratches and 
other surface defects can also reduce toughness con- 
siderably. 


Effects on Forming 


Forming operations should preferably be performed 
at temperatures above the transition curve. Thus, de- 
pending upon composition, temperatures between 400 
and 600° F. (205 315° C.) are suit- 
able,®* 12% 134, 143 and drastic forming and working oper- 
Lower tempera- 


and most 
ations may be applied satisfactorily. 
tures may be satisfactory for forming operations on rel- 
atively thin sheets. Thus, on 17% chromium stainless 
steel sheets, temperatures above 140° F. (60° C.) have 
proved to be satisfactory.'7* More highly alloyed steels 
would again require higher temperatures. '4 

Many of the lighter forming operations, such as 
stamping, are performed at ordinary atmospheric tem- 
peratures or on steels which have been heated in boiling 
water. For example, spinning and drawing operations 
of round and rectangular television tube envelopes, 
automobile grill parts, and automotive trim parts are 
now being fabricated from stainless steels which have 
not received previous heat treatments. 


GRAIN SIZE 


Although some grain growth may occur on heating 
the alloys to temperatures above 1700 to 1800° F. 
(925 to 980° C.), the rates do not become appreciable 
until temperatures are reached at which a fully ferritic 
structure is obtained. Moreover, the inhibiting com- 
pound particles (usually carbides) must be dissolved in 


the ferritic matrix. 
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Fig.22 Effects of testing temperature and grain size on the 
notch-impact toughness of an 189% chromium stainless 
steel'** 


225-8 


024 

: 

ii 

4 


a 


The martensitic grades containing 11.5 to 12.5% 
chromium and over 0.10% carbon (Type 410) are, 
therefore, unlikely to experience severe grain growth. 
Although (delta) ferrite will form from the austenite as 
these alloys are heated to temperatures above 1900° F. 
(1040° C.), some austenite will remain even as high as 
2500° F. (1370° C.). However, Type 410 alloys of 
lower carbon and/or higher chromium content may be- 
come fully (delta) ferritic at lower temperatures. Thus, 
a Type 410 (modified) grade containing 12.2°% chro- 
mium and 0.06% carbon became fully ferritic at 2400° 
F. (1315° C.). Raising the chromium content to 12.7% 
(same carbon) would make the grade fully ferritic at 
2300° F. (1260° C.). 

The addition of ferrite formers such as aluminum, 
molybdenum, ete., or a higher chromium content will 
reduce the temperature at which the matrix becomes 
fully ferritic further and, if sufficient quantities of the 
ferritizer are present, the alloy may never become aus- 
tenitic. In these alloys, the solution of carbides and 
other well-dispersed compound particles will determine 
the temperature at which appreciable grain growth 
occurs. Depending on the composition, the chromium 
carbides will go into solution between 2100 and 2300° F. 
(1150 and 1260° C.). 

The time element, although it has little effect on the 
solution temperature, is an important factor in the de- 
termination of the subsequent degree of grain growth. 
Thus, induction-heating tests,*' in which specimens 
were above 2100° F. (1150° C.) for only a few seconds, 
showed that the carbides had been completely dissolved 
and that some grain growth had occurred. Longer ex- 
posure would increase the grain size severely, as carbide 
solution is a prerequisite to this grain growth. The 
severity of the High-Temperature Embrittlement de- 
pends upon the carbide solution and not on the grain 
growth. 

Alloying elements may effect the solution temperature 
of the carbides in two ways. First, they may form 
carbides themselves which dissolve at higher tempera- 
tures than do the chromium carbides. This is accom- 
plished by columbium, titanium, and tantalum,’~* 
which, therefore, are effective additions since they are 
of a particular benefit in grades which are to be welded. 
Other elements, although they do not form carbides 
themselves, may raise the temperature at which the 


hromium carbides go into solution. This is believed 
rue in the case of molybdenum. Aluminum, between 
.15 and 0.30%, does not seem to have noticeable ef- 
fects on the solution temperatures. However, in larger 
amounts (above 1%), aluminum even seems to de- 
crease these temperatures. 


EFFECTS OF ELEVATED TEMPERATURES 


Effects of Hot Working 


The temperatures at which rolling or forging opera- 
tions are performed seem to exert a considerable in- 


226-s Thielsch—Stainless Steels 


fluence on the mechanical properties, particularly the 
impact toughness. 

For example, Schaufus* reported the results of tests 
on a free-machining stainless steel (0.07% C, 0.31% 5, 
0.76% Ni, 16.25% Cr) that had been rolled from 3-in. 
billets to 1 in. between 2210° F. (1210° C.) and 1700° F. 
(925° C.). The specimens exhibited Izod impact val- 
ues varying from 6 to 12 ft.-lb. However, an initial 
temperature of 1925° F. (1050° C.) and a finishing tem- 
perature of 1000° F. (540° C.) resulted in an Izod im- 
pact toughness between 41 and 46 ft.-lb 

Figure 23 gives data by Schiffler and Hirsch** who 
showed the effects of finishing temperature upon im- 
pact toughness of a 17% chromium stainless steel 
(0.08% C, >0.5% Ti). These results indicate that the 
finishing temperatures should lie below 1650° F. (900° 
C.) in order to obtain a satisfactory toughness. 


STRESS-CORROSION CRACKING 


Generally, the martensitic and ferritic stainless steels 
are considerably less susceptible to stress-corrosion 
cracking than the austenitic chromium-nickel stainless 
steels? For example, studies by Scheil, Zmeskal, 
Waber, and Stockhausen’ showed that the martensitic 
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Fig. 23 Effect of the final rolling temperature on the 


notch-impact toughness of a 17% chromium stainless 
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12% and the ferritic 18% chromium stainless steels 
were not susceptible to stress-corrosion cracking in 
those boiling chloride solutions which attacked the 
austenitic chromium-nickel stainless grades. On the 
other hand, steam has been found to be responsible for 
stress-corrosion cracking of martensitic stainless steels. 
Thus, Nathorst'® has described such failures in steam 
turbine blades made of steel containing 0.14% carbon 
and 14.1% chromium. The cracks were intercrystalline 
and tended to follow the boundaries between the ferrite 
grains and the tempered martensite. The main direc- 
tion of the cracks was at right angles to the ferrite 
streaks. These results may well be related to the em- 
brittling action on steel of hydrogen which is derived 
from the steam atmosphere. '** '® 


Similarly, Uhlig” reported that, in martensitic stain- 
less steels, stress-corrosion cracking may occur under 
any condition that favors the discharge of hydrogen 
ions on the surface. He suggested that hydrogen, upon 
entering the alloy lattice, induces stresses of a magni- 
tude sufficient to initiate a crack which, when aided by 
existing stresses, propagates itself throughout the cross 
section of the specimen. 

Uhlig?’ reported further that the martensitic stain- 
less specimens, after a brief cathodic polarization in 
NaCl or H,SO,, were exceedingly brittle. However, 
on standing in air these specimens regained their normal 
ductility. This behavior is typical of hydrogen em- 
brittlement.”” 


Il. Effects of Alloying Elements 


ALUMINUM 


Aluminum additions are made to stainless steels to 
serve one or several functions: (1) to serve as a ferrite 
former, (2) to improve scaling resistance, (3) to cause 
grain refinement, or (4) to develop desirable electrical 
properties. 


Effect as a Ferrite Former 


Of the various elements which stabilize ferrite, alu- 
minum is the most powerful. Thus, most authors™ * 
find aluminum about 10 to 15 times as effective as 
chromium in its tendency to form ferrite. 

From 0.10 to 0.30% of aluminum are added com- 
max.) stainless 
steels containing 13.5% 
124, 132° The aluminum addition will make the 


mercially* to low-carbon (0.08% C 
between 11.5 and chro- 
mium.** 
normally martensitic grades highly ferritic. 

The small aluminum additions to the 11.5 to 13.5% 
chromium stainless steels do not reduce the toughness‘ 
noticeably. Moreover, as these steels are not notch 
sensitive at room temperature, they may be useful in 
many applications in which the ferritic stainless steels of 
higher chromium content are unsuitable. Although 
some authors'* feel that these steels are not susceptible 
to 885° F. (475° C.) Embrittlement, it seems that on 
long exposures at 885° F. (475° C.) some embrittlement 
may occur nevertheless. The susceptibility to this em- 
brittlement is more appreciable for the alloys of higher 
chromium content: e.g., near 13.59% chromium. For 
example, many cases have been encountered'*! where 
11.5 to 13.5% chromium stainless steels embrittled in 
petroleum-refinery applications where exposure was to 


* A.LS.L. Type 405. 
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temperatures of about 825° F. (440° C.) [885° F. 
(475° C.) Embrittlement]. In every case, the ma- 
terial had either a chromium content somewhat above 
13% or it contained aluminum (that is, it was Type 7 
405). 
tended exposures on the order of 10,000 hr. or more. 
These 11.5 to 13.5% chromium steels are not sus- 


Such evidence is generally based on very ex-¥% 


ceptible to sigma-phase embrittlement which occurs at 
higher temperatures. They consequently have found 
use in oil-field equipment operated at elevated tempera- 
tures. 

Because all ferritic stainless steels seem susceptible to 
the High-Temperature Embrittlement, the aluminum- 
bearing steels should not be heated to temperatures ex- 
ceeding 2200° F. (1205° C.). 
tions should be annealed between 1350 and 1450° F. 
(730 and 790° C.) to remove the detrimental effects of] 
the embrittlement. j 

Schiffler® suggested further additions of silicon and¥ 


Castings or welded sec- 


titanium to produce alloys containing 11—14.5% Cr,% 
0.15-0.5% Al, 0.6-1.2% Si, and 0.1-0.5% Ti. The 

total amount of aluminum and silicon was not to ex- 

ceed 0.9 to 1.5%. The titanium addition served to 

produce a fine grain size in this fully ferritic alloy. The | 
addition of about 0.50% molybdenum to 12° % chro- 

mium-0.27% aluminum alloys (Type 405) does not seem 

to be beneficial to the mechanical properties. '** 


Effects Upon Scaling Resistance 


Aluminum additions of one or more per cent are 
primarily made to alloys used at temperatures above 
1800° F. (980° C.).7 118. 125, 7 Because the presence of 
aluminum considerably improves the scaling resistance 
at elevated temperatures, aluminum-bearing stainless 


227-s 


4 a 
q 
¥ te 


steels are particularly suitable for service in atmos- 
pheres supporting oxidation or contaminated with 
sulphur.®* such atmospheres and at tempera- 
tures between 1470 and 2280° F. (800 and 1250° C.), 
the aluminum-bearing chromium stainless steels are 
considerably superior to the silicon-bearing alloys of 
similar chromium content.'"* Specifications for stand- 
ard German steels are given in Table 7. 

The presence of aluminum also reduces susceptibility 
to carburization. The improved resistance to oxidation 
and carburization is utilized by the use of 20-2 (Cr-Al) 
alloys in acetic anhydride applications. 

Although stainless steels containing several per cent 
of aluminum exhibit superior scaling resistance, the 
physical properties of these alloys are generally affected 
detrimentally. For example, these alloys tend to be 
extremely brittle.** Creep strength at elevated tem- 
peratures is also reduced considerably.'*® The primary 
reason for the low mechanical properties is due to the 
strong affinity of aluminum for oxygen and nitrogen, if 
they are present. Thus, the high-aluminum-bearing 
steels usually contain numerous alumina inclusions 
which weaken the alloy seriously and allow pitting in 
corrosive environments.'* Hot-working or fabricating 
operations are similarly affected. 

However, when these high-aluminum-bearing chrom- 
ium stainless steels are properly made, they may ex- 
hibit good mechanical properties. According to 
Foley,'*® the method of adding aluminurn in the large 
amounts required must be one which prevents the ex- 
cessive formation of alumina. In the production of a 
steel used for exhaust values (0.40% carbon, 11% 
chromium, 1.25% nickel, and 1.5% aluminum), the best 
method is to melt the aluminum under a eryolite pro- 
tective covering and then pour molten steel through the 
eryolite."** When these alloys are made this way, re- 
covery is high and the resulting bars are free from ex- 
cessive alumina inclusions. If the steel is rolled im- 
properly, it can become very brittle.'*® For example, 
if the steel bars were heated only to 2000 or 2050° F. 
(1095 to 1120° C.), not higher, they would come out of 
the finishing pass in the rolling mill at around 1600° F. 
(870° C.) or below. This treatment produced soft bars 
which could be cold sheared to valve stem lengths with- 
out annealing, but which were unsatisfactory. When 
the stem lengths were heated for upsetting, excessive 


grain growth occurred at some point along the tempera- 
ture gradient. At some time during subsequent han- 
dling, the stem would break just under the head of the 
valve and would show grains which were '/, in. and 
larger—sometimes the full section of the stem would be 
composed by only two grains. Thus, this method of 
rolling, which saved the expense of an anneal, had to be 
abandoned and a method utilizing higher rolling tem- 
peratures was used. With higher rolling temperatures, 
bars came off the rolls hard and had to be annealed be- 
fore they could be sheared. However, no grain growth 
occurred as a result of the subsequent heating for up- 
setting.'®® 

One bad feature of these steels is the difficulty en- 
countered in making use of their serap.'®® Unless prac- 
tically all of the aluminum is oxidized out when the 
scrap is remelted, the resulting steel is likely to pull and 
be hot short.'*® Properly treated scrap can be used in 
the production of high-frequency, induction-furnace 
alloys which contain aluminum and for castings in 
which aluminum can be tolerated. Obviously, the use 
of this scrap is definitely limited.'* 


Effects on Electrical Properties 


The addition of several per cent of aluminum to stain- 
less steels provides certain desirable electrical proper- 
ties.2** 296 The relatively poor creep resistance, me- 
chanical properties, and corrosion resistance of such 
grades are of no consequence in the electrical applica- 
tions in which these alloys serve commendably. 


Effects of Grain Size 


Aluminum in amounts up to 0.05% is extremely ef- 
fective in producing fine-grained castings and weld de- 
posits. In larger amounts, aluminum additions become 
less effective in refining grain structure and, in fact, be- 
gin to cause grain coarsening. Thus, castings which 
contain over 1% aluminum usually exhibit an ex- 
tremely coarse grain size. 


Effects on Structure 


A chemical analysis of the aluminum present in a par- 
ticular alloy may not give a true indication of the actual 


ions of St 


dard German Aluminum-Bearing, Wrought 


Table 7—Compositions and Welding R dat 


Stainless Steels'** 


Steel 
No.* Cc Si 
4713+ <0.12 0.6-0.9 
47247 <0.12 1.0-1.3 


4742+ <0.12 0.8-1.1 


Composition, % 
Cr Ni 

6.3- 6.8 

12.5-13.5 


17.5-18.5 


4762¢ <0.12 1.3-1.6 23.0-25.0 


— —Welding recommendations —————— 
Electrode 
Al classification 
.6-0.9 4716, 4828 
4723, 4828 


477 


Postheat treatment not necessary 

Postheat treatment not necessary 

Postheat treatment at 1380° F 
(750° C.) and air cool 

4828 Postheat treatment not necessary 

4772 Postheat treatment at 1380° F. 
(750° C.) and air cool 

Postheat treatment not necessary 


.8-1.1 


1.3-1.6 
(4842 


* Classification of Verein Deutscher Eisenhiittenleute.'™ 


+ Recommended for electric-arc, gas, spot and (roll) seam welding. Not recommended for electrodes required for atomic-are welding. 
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location of the ferrite-austenite equilibrium region. In 
the melt, aluminum exhibits a strong affinity for nitro- 
gen and tends to crystallize out as aluminum nitrides. 
Moreover, such crystals may form or may grow when 
the solid alloy is heated in nitrogen or even in ordinary 
atmospheres at relatively high temperatures for long 
periods of time; as, for example, 1000 hr. at 2200° F. 
(1205° C.).%° These nitrides are stable even at 
welding temperatures. 

In addition to nitrides some aluminum will be re- 
tained in the form of oxides. In fact, almost all of the 
chromium stainless steels contain about 0.015 to 
0.025% aluminum in the ‘‘combined”’ form, that is, as 
oxides. Of course, only the “free’’ aluminum, which 
is in solution, is effective in stabilizing ferrite. 


Effects of Welding 


Since aluminum is readily oxidized, stainless elec- 
trodes used in the electric-arc and oxyacetylene proc- 
esses generally do not contain aluminum additions. 
A considerable quantity of the aluminum, if present, 
would be lost as slag. However, the shielded-are proc- 
esses, which protect the weld metal by the use of 
atomic hydrogen or inert gases, would prevent the loss 
of aluminum. 

The low-aluminum Type 405 alloys (0.10 to 0.30% 
Al) are ordinarily welded with 18-8 (Cr-Ni) type elec- 
trodes. 

The heat-resisting, high-aluminum (0.6 to 
2.2% Al) are generally welded with silicon-bearing 
tecent German weld- 


types 


ferritic or austenitic electrodes. 
ing recommendations for standard wrought steels are 
The absence of alumi- 
num in the electrodes is compensated for by the 
Are welding is preferred 


summarized in Tables 7 and 8. 


larger quantity of chromium. 
to gas and resistance welding since it minimizes the ex- 


posure times at welding temperatures. '** 


BISMUTH 


As in the austenitic chromium-nickel stainless steels, 
bismuth additions also increase the machinability of the 
chromium stainless grades.*! In welding, it can also be 
assumed that the bismuth, present in the electrode 
wire, would tend to volatilize quite readily. 


CARBON 


In the chromium stainless steels, for a given chro- 
mium content, carbon is the principal element which 
affects the extent of the gamma loop. 


With the exception of the cutlery steels, the carbon 
content in stainless steels generally does not exceed 
0.20% in the high-chromium grades. In the lower 
chromium alloys, the carbon content generally is kept 
below 0.15%. Some chromium stainless grades even 
contain less than 0.08% carbon. The primary reason 
is that, by restricting the formation of austenite, hard- 
enability will be prevented. 

In the absence of other carbide formers (titanium, 
columbium, ete,), carbon tends to combine with chro- 
mium to form the chromium carbides Cr;C; and CrC 
(now taken to be CresC,). Actually, because iron is 
generally dissolved in the carbides, the formulas are 
generally expressed as (CrFe);C; and (CrFe),C, respec- 
tively.?4 

At elevated temperatures up to 1000° F. (540° C.), 
carbon somewhat improves the short-time tensile prop- 
erties and the creep resistance. This does not hold 
true above 1000° F. (540° C.) where the carbides tend 
to coalesce. 

Carburization of ordinary low-carbon stainless steels 
(15 to 30% chromium) is of primary importance when 
good wearing properties of the surface are desired, and 
the ductility and toughness, characteristic of the low- 
carbon stainless core, are to be retained. Greatest 
surface hardness is obtained by quenching carburized 
1525° F. (830° C.). Higher tem- 


peratures are undesirable because the resulting reten- 


steels from about 


tien of austenite would reduce the hardenability and 
This 


process, however, does not seem to be used industrially. 


wearing characteristics of the carbide case.'"7 


Carburization also decreases the corrosion resistance.'"4 


Effects in Martensitic Stainless Steels 


In the martensitic stainless steels* which contain 
about 12% chromium, the effects of carbon and of tem- 
pering treatments at 600, 1200, and 1500° F. (315, 
650, and 815° C.), respectively, are shown in Fig. 24.7 
Whereas 1200° F. (650° C.) is sufficient to allow the 
softening of the martensite of steels containing less than 


0.1% carbon, higher temperatures would be necessary} 


to allow the softening of the alloys of higher carbon 
Complete softening is accomplished only at 
(730 and 790 


content. 
temperatures between 1350 and 1450° F. 
C.). 
Thus, whereas the alloys of lower carbon content may 
also be softened at 1500° F. (815 
alloys of higher carbon content require the more limited 


* True in wrought steels as well as in castings and weld deposits 


Electrode 
Si 


classification 
4716 <0.12 0.6-0.8 
4723 <0.12 1.3-1.8 
4774 <0.12 1.3-1.6 
4828 0.10-0.20 1.8-2.3 
842 0.10-0.20 0.9- 


Table 8—Electrodes Recommended for Welding Aluminum-Bearing, Chromium Stainless Steels'** 


———Composition, 


Cr Ni Other 


8.5-9.5 
14.0-15.0 
28 .0-30.0 
19.0-20.0 
23 .0-25.0 


9.0-10.0 
19.0-20.0 
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This range varies somewhat with composition. } 
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nat less steels is about 10% less than 
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that of the carbon steels, and 50 
to 70% less than that of the auste- 
nitic chromium-nickel stainless 
steels. Moreover, the coefficient of 
expansion decreases as the chromium 
content is increased.''° 


PENETRATION, IN /MO 


COLUMBIUM 


Columbium, as does titanium, 
exhibits a strong affinity for carbon 

01 and tends to form carbides. More- 
over, columbium acts as a potent 
ferrite stabilizer. Both of these 
effects tend to restrict austenite 
formation. Because of these char- 


A. iL 
o2 os ° o2 os 
PERCENT 
Fig. 24 Effect of carbon content on mechanical p 


ings” 


range of 1350 to 1450° F. (730 to 790° C.). These con- 
siderations are particularly important when toughness 
is of primary concern. 

The cutlery steels, which generally contain over 30% 
carbon, are not readily weldable.'* They exhibit high- 
air-hardening characteristics and are susceptible to 
cracking. Preheating between 600 and 800° F. (315 
and 425° C.) is required in most cases (see also pages 
244-8 to 246-s). 


CHROMIUM 


The commercial importance of chromium is pri- 
marily due to the beneficial effects of this element upon 
corrosion and sealing resistance.* 

The effects of chromium upon the mechanical prop- 
erties of various chromium-iron alloys are shown in 
Fig. 25.'°° The alloys were annealed in order to intro- 
duce favorable over-all physical characteristics. Thus, 
martensite in the hardenable chromium alloys was 
softened to ferrite. Moreover, in the ferritic grades, the 
885° F. (475° C.) Embrittlement was prevented. 
Sigma-phase precipitation did not occur in the 25% 
chromium alloy, because, in this grade, sigma generally 
forms only on prolonged heating. The notch-impact 
toughness of the higher chromium alloys at room tem- 
perature is extremely low. This was discussed earlier. 

Whereas at elevated temperatures chromium acts as a 
ferrite former, at room temperature chromium seems to 
stabilize austenite. This is due to the fact that as the 
chromium content is increased transformation becomes 
more sluggish. Thus, quenched, high-chromium steels 
(over 25% Cr), which, because of the presence of aus- 
tenite formers such as nickel, nitrogen, and/or man- 
ganese, formed austenite above 1800° F. (980° C.), tend 
to retain some of the austenite at room temperature. 

The coefficient of expansion of the chromium stain- 
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rties and resistance to 
corrosion in boiling 65% nitric acid of martensitic 129% chromium stainless cast- 


acteristics, columbium, in amounts 
about 4 to 8 times the carbon 
content, has been suggested as an 
addition to ferritic stainless steels!” 
and to welding electrodes.‘ How- 
ever, commercial use of columbium additions to the 
chromium stainless steels is not made. 


Effects on Physical Properties 
The addition of columbium to martensitic stainless 


steels seems particularly undesirable. Results by 
Schoefer'” on the effects of 0 to 1.28% columbium on 
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Fig. 25 Effect of chromium content on mechanical prop- 
erties at ordinary temperature of annealed iron-chromium 
alloys containing approximately 0.10% carbon'® 
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the hardness and toughness of 12% chromium steels are 
shown in Fig. 26. The addition of 1.28% columbium 
made the alloy almost fully ferritic. Tensile strength 
decreased from about 200,000 psi. for the alloy which 
contained no columbium to 40,000 psi. for a columbium 
content of 1.28%. 

In chromium stainless steels which are used at ele- 
vated temperatures, the presence of columbium is also 
undesirable because it is believed to promote fatigue 
failures at elevated temperatures considerably. 


Effects on Welding 


In weld deposits made from ferritic stainless elec- 
trodes which contain over 20% chromium, as much as 
1.25% columbium does not improve the microstructure 
by the elimination of dendritic solidification of the weld 
metal. Titanium, on the other hand, in quantities of as 
little as 0.35% is beneficial and completely eliminates 
dendritic microstructures. 

Columbium carbides go into solution at temperatures 
above which chromium 
Thus, columbium-bearing, ferritic chromium stainless 
steels, are less susceptible to the High-Temperature 


those at carbides dissolve. 


Embrittlement and may be are welded without subse- 
quent postheat treatments.” (See discussion on tita- 
nium.) 


Effects on Corrosion Resistance 


Since ferritic chromium stainless steels may become 
susceptible to intergranular corrosion in certain corro- 
sive environments, the addition of columbium, which 
acts as a carbide stabilizer by forming columbium car- 
bides, may be beneficial. 

Stabilization is believed'* to be particularly impor- 
tant in the welding of ferritic stainless steels in which the 
heat-affected zone becomes highly susceptible to inter- 
granular corrosion. 


HYDROGEN 


A great many investigations have been made in re- 
cent years on the effects of hydrogen in mild and alloy 
steel weldments.'” However, very little has been pub- 
lished on the role played by hydrogen in martensitic 
and ferritic stainless steels. In part, this neglect may be 
ascribed to the fact that the martensitic and ferritic 
stainless steels are commonly welded with austenitic 
chromium-nickel electrodes which are generally not sus- 
ceptible to hydrogen embrittlement. Similarly, dry 
martensitic or ferritic chromium stainless arc-welding 
electrodes are likely to produce weld deposits free from 
hydrogen embrittlement. 

Circular groove tests recently made by Steinberger, 
De Simone, and Stoop'®® showed that hydrogen may 
cause embrittlement in Type 410 martensitic stainless 
weld deposits on modified S.A.E. 4320 material. 
Atomic-hydrogen welds were found to be susceptible to 
cold cracking when no postheat treatment was used or 
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Fig. 26 Effect of drawing temperature on the hardness 
and impact toughness of martensitic 12% chromium 
stainless castings with varying columbium content” 


when cooling, arrested at 350 or 700° F. (177 or 370° 
C.), was immediately followed in each case by a heat 
treatment of 1 hr. However, arresting of cooling at 
600° F. (315° C.) and postheating for 1 hr. at 600° F. 
(315° C.) prevented cracking in the circular groove test. 

The observation that a l-hr. postheat treatment was 
beneficial at 600° F. (315° C.) and not at 700° F. (370° 
C.) may well be related to the presence of residual aus- 
tenite in the weld metal (see discussion on page 245-s). 
In these martensitic stainless steels, the austenite-to- 
martensite transformation is relatively sluggish. Thus, 
after 1 hr. (or possibly longer), the Type 410 weld de- 
posit probably contained some retained austenite. Since 
hydrogen is more soluble in austenite than in ferrite, it 
concentrates in higher proportions in the austenite. 
When the small austenite patches transform at room 
temperature to martensite, the hydrogen is released 
locally, and, because the hydrogen cannot diffuse away 
at sufficiently rapid rates, the local internal pressures, 
caused when small hydrogen concentrations exist, are 
generally sufficient to cause cracking in the weld 
metal. At 600° F. (315° C.), the diffusion rate of 
hydrogen is estimated to be about 500 times as fast as at 
room temperature.'®* Thus, since after 1 hr. at 600° F. 
(315° C.) less (if any) austenite was retained than was 
after 1 hr. at 700° F. (370° ¢ 
diffuse from the weld deposit. 
balance of the austenite (if any was still present) trans- 


*.), more hydrogen could 
Consequently when the 


formed at room temperature, the resulting hydrogen 
concentrations were not sufficiently severe to cause 
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cracking. Cooling the weldment to 350° F. (177° C.) 
and postheating for 1 hr. apparently did not allow 
sufficient hydrogen to leave this Type 410 weld deposit 
in | hr. Consequently cold cracking could occur. Al- 
though these results were obtained in weld deposits pro- 
duced by atomic-hydrogen welding, martensitic de- 
posits made from wet coated arc-welding electrodes are 
also likely to exhibit hydrogen embrittlement. 

The use of argon-are or submerged-are welding pro- 
cedures prevented or minimized hydrogen absorption by 
the weld metal. Similar results were obtained with 
lime-coated (low-hydrogen) electrodes. The weldments 
made by these latter processes were not susceptible to 
cold cracking and, thus, did not require arrested cooling 
cycles and postheat treatments. 


MANGANESE 


Manganese, like nickel, acts as an austenite former. 
At ordinary temperatures, manganese is somewhat 
beneficial to the toughness of martensitic and ferritic 
stainless steels.“ It increases creep strength slightly at 
moderately elevated temperatures. However, above 
950° F. (510° C.), manganese has little effect on creep 
resistance. 

As in the austenitic stainless steels, manganese also 
improves the hot-working characteristics of the chro- 
mium stainless steels. 

The oxidation resistance is not improved by man- 
ganese.'*® In fact, the presence of several per cent of 
manganese seems to increase oxidation rates.'” 

The corrosion resistance also seems to be reduced by 
manganese additions.® 


Effects on Structure 


Manganese expands the gamma region at elevated 
temperatures. Thus, although an alloy containing 
0.10% carbon, 23 to 24% chromium, and 3% manga- 
nese is fully ferritic, 5 to 7% manganese makes the alloy 
partially austenitic above 1700° F. (925° C.). In this 
respect, the effects of manganese are similar to nickel. 
However, the manganese-bearing austenite is not as 
stable as the nickel-bearing austenite. Thus, in the 
high-chromium stainless steels containing 23 to 24% 
chromium and up to 15% manganese, all or at least 
part of the austenite transforms into martensite.“ 
Nickel, under equal conditions, would inhibit this 
austenite-to-martensite transformation. 

Nitrogen additions to manganese-bearing chromium 
stainless steels also would help in the stabilization of the 
austenite.® 


Effects on Welding 


Electrodes containing about 1% manganese in the 
core wire tend to produce a somewhat higher manganese 
content in the weld deposit. This is due to the presence 
of some manganese compounds in the electrode coating. 
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However, in electrodes containing from 3 to 7% man- 
ganese, about '/1» less manganese will be present in the 
deposit—in spite of the small gain from the coating.* 

The presence of small amounts of manganese (1 to 
2%) affects the weldability beneficially,® particu- 
larly in martensitic grades.*' Thus, manganese, as a 
ferro-alloy in the electrode, improves striking the are, 
melting of the electrode, formation of the are and weld- 
ing pool, formation of the weld bead, and multibead 
welding.** (Small amounts of silicon may accomplish 
the same results more effectively.) 

A higher manganese content (4 to 5%) in electrodes, 
which do not contain other alloying elements such as 
nickel and nitrogen, produces unsatisfactory results.* 
Depending upon the chromium content, the weld de- 
posits will exhibit a ferritic-martensitic structure. 
They are extremely crack sensitive at the grain bound- 
aries because of the high coefficient of expansion of the 
manganese-bearing austenite which, on cooling, trans- 
forms into martensite.* 7! The ductility of the higher 
manganese-bearing chromium stainless electrodes is 
considerably improved as the nickel content is raised to 
above 5.5%,” i.e., until the composition is such, that 
the weld deposit remains austenitic down to atmos- 
pheric temperatures. 

Moreover, in the almost fully ferritic chromium- 
manganese alloys, the heat effects produced by welding 
alone are sufficient to cause considerable 885° F. (475° 
C.) Embrittlement.* 


MOLYBDENUM 


Molybdenum, in addition to stabilizing ferrite, is also 
effective in improving to a considerable extent the 
corrosion resistance of the martensitic and ferritic 
chromium stainless steels.® 5! 9% 104, 126, 134, 153, 171, 174, 198 
In this respect, molybdenum acts in the same way as it 
does in austenitic stainless steels.* 

As a ferrite former, molybdenum is about four times 
as effective as chromium. Thus, 2% molybdenum sup- 
presses, almost completely, the formation of ar+tcaite in 
alloys containing over 11% chromium. 


Martensitic Grades 


The molybdenum-bearing martensitic stainless steels 
are primarily used in turbine blades, spindles, valves, 
ete., in contact with nitric and organic acids. 

In partially martensitic grades containing 12 to 15% 
chromium, it is claimed‘ that the presence of about 0.5% 
molybdenum refines the grain size. In these steels 
(13% chromium), molybdenum also improves some- 
what the creep strength at elevated temperatures!” 
and the room-temperature impact toughness of alloys 
tempered between 900 and 1600° F. (480 and 870° 
C.).7 


Ferritic Grades 


The molybdenum-bearing ferritic stainless steels are 
considerably used in the textile and chemical industries 
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where they exhibit a higher corrosion resistance than 
many other alloys in exposures to fatty and many other 
organic acids. Moreover, a high-chromium alloy 
(<0.15% C, 24-26% Cr, 2.3-2.6% Mo, 1.5-2.0% Ti) is 
recommended for applications in solutions containing 
chlorine, for example, calcium hypo-chloride, per- 
chlorox, ete.'*7 

In wrought ferritic stainless steels, intergranular 
corrosion is generally minimized by the addition of a 
sarbide-stabilizing element such as titanium. 

Since ferritic stainless castings alloyed with molyb- 
denum show a large grain size and considerable brittle- 
ness,’ they should receive a final heat treatment be- 
tween 1300 and 1470° F. (705 and 800° C.).'* 

About 1% molybdenum seems to give the optimum 
beneficial resistance to creep at 1100 and 1200° F. 
(595 and 650° C.).% However, many 
alloys contain somewhat higher percentages of molyb- 
denum since their superior corrosion resistance to many 


commercial 


environments is more important than their elevated 
temperature strength. 


Effects of Welding 


The martensitic molybdenum-bearing stainless steels 
are generally not recommended for welding operations. 
If welding is necessary, suitable preheat and postheat 
treatments should be made (see pages 244-s to 246-s). 

Although, in ferritic grades, molybdenum seems to 
improve the weldability of the ferritic stainless steels,” 
the effects of the High-Temperature Brittleness are re- 
duced only slightly. Thus, preheat and postheat 
treatments are generally required.” 

If postheat treatments are not possible, 
denum-bearing grades, containing over 18% 
mium, should also be alloyed with small amounts of 
columbium or titanium to minimize the detrimental 
effects of the High-Temperature Embrittlement.'** 
A ferritic 17% chromium steel containing about 1.8% 
molybdenum, which is stabilized with titanium (or 
columbium or tantalum), should be welded either with 
low-carbon (<0.07%) or with columbium-stabilized 
Type 18-10-2 (Cr-Ni-Mo) electrodes. '74 


molyb- 
chro- 


NICKEL 


Nickel additions to chromium stainless steels are 
primarily made to widen the gamma region at elevated 
temperatures. Without phase changes, nickel additions 
would produce few beneficial effects other than a slight 
improvement of notch toughness. 


Effects on Structure 


Because nickel widens the gamma region, martensite 
may form in alloys containing more than 16% chro- 
mium. Nickel is also more effective than manganese in 
stabilizing austenite since it allows some residual aus- 
tenite to be retained at room temperature. This is pri- 


Thielsch 


May 1951 


Stainless Steels 


marily due to the increased sluggishness of transforma- 
tion caused by the nickel addition. Cold work would 
reduce the stability of the residual austenite and en- 
hance its transformation into martensite. 

The amounts of martensite and retained austenite at 
room temperature in chromium-nickel alloys primarily 
depend upon the nickel content. Thus, 16-2 (Cr-Ni) 
alloys may be fully martensitic on cooling,” although 
ordinarily a fair amount of ferrite is present in the 
structure. '® 

The martensitic chromium-nickel steels are highly 
unsuitable for cold-forming and welding operations 
unless they have been annealed between 1300° and 
1450° F. (705 and 790° C.). Moreover, as nickel re- 
tards transformation rates considerably,* '*? these 
alloys require prolonged heat treatments. 

A 24% chromium steel, which contains 3% nickel and 
is partially austenitic at elevated temperatures, retains 
all of the austenite at room temperature. Thus, the 
alloys which contain at least 24% chromium and 3% 
nickel are known also as ferritic-austenitic stainless 
steels.” A lower nickel and/or chromium content 
would reduce austenite stability and, thus, permit an 
increased martensite formation. 

For a 30% chromium alloy the effects of nickel are 
shown in Fig. 27.'*' Whereas, at a chromium content 
of 12%, the maximum austenitizing temperatures were 
about 1800° F. (980° C.), 30% chromium-iron alloys 
exhibit austenitizing temperatures of about 2300° F. 
(1260° C.). Although a 30-1 (Cr-Ni) alloy, quenched 
from 2300° F. (1260° C.), would be expected to contain 
almost 15% austenite, at least 2 to 3% nickel should be 
present to make the alloy partially austenitic over a 
greater temperature range. 

Because nickel enhances sigma formation, it should 
not be added in excessive amounts to the high-chro- 


mium steels. The effects of nickel and manganese addi- 
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of a 30% chromium-iron alloy'* 
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(540° C..) At 1200° F. (650° C.), 
a nickel content of 2% produces 
slightly lower impact values. Higher 
impact values are produced by al- 
loys with a 4% nickel content, Fig. 
29. After reheating at 1500° F. 
(815° C.), the specimens with the 
higher nickel content exhibited lower 
impact values and markedly higher 
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hardness values. The increase in 
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hardness may be related to the form- 


1 
Ni) 


ation of austenite, which on cooling, 
transforms into martensite. The 
tensile strength of alloys, quenched 
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Fig. 28 Effect of aging time at 1300° F. (705° C.) on the impact toughness of 


various wrought stainless steels'” 


tions on sigma embrittlement of wrought steels are 
brought out'*? in Fig. 28. Thus, the 26-5.5 (Cr-Ni) 
steel shows lower toughness because of sigma cision 
than does the 27-4 (Cr-Ni) steel. The 27-4—4 (Cr-Ni- 
Mn) steel alloyed with manganese is still further em- 
brittled down to values of 1 ft.-lb. after an exposure of 
25 hr. e 1300° F. (705° C.). The reason why the 22 
and 27°) chromium steels show such low values of 
toughness even in the as-quenched state is due to the 
characteristic notch-sensitivity of the fully ferritic 
structures. Of course, these alloys may also form sigma 
after long exposures at precipitation temperatures. 
Carbide precipitation may also be partly responsible for 
the embrittlement. 

Similar results were reported for weld deposits by 
Norén'®* who found that, in 26-4 (Cr-Ni) type com- 
positions, sigma forms galt readily if the nickel content 
is increased to about 7 The rates of sigma formation 
are further if about 1.59% molybdenum, 
3-4°% manganese, or 2% cobalt are added. In such 
compositions, strong sigma formation could be ob- 
served after 2 to 6 hr. at 1380° F. (750° C.). Ordinarily, 
26-4 (Cr-Ni) weld metal does not exhibit any strong 
tendency toward sigma formation. 

These results show that, in the alloys susceptible to 
sigma formation, the beneficial effect of a ferrite- 
austenite structure may be considerably reduced by 
exposure to temperatures between 1000 and 1500° F. 
(540 and 815° C.). 


Effects on Physical Properties 


In the absence of a phase change, nickel additions 
contribute little to the physical properties of either mar- 
tensitic or fully ferritic stainless steels. 

The effects of nickel additions to martensitic stainless 
steels are shown in Figs. 29 and 30, respectively.!*? In 
these alloys, which contain about 12% chromium, 
nickel is somewhat beneficial on the impact toughness 
of alloys tempered at temperatures up to about 1000° F. 
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500 1000 C.) would not be noticeably affected. 
However, because nickel lowers the 
(initial) transformation temperature 
and reduces the rate of the austen- 
ite-to-ferrite transformation of al- 
loys cooled to temperatures between 1350 and 1450° F. 
(730 and 790° C.), specimens which were air cooled to 
room temperature from above 1500° to 1700° F. (815° 
to 925° C.) weuld show greater hardenability for the 
higher nickel alloys. 

In fully ferritic steels, nickel would have little effect 
upon the room-temperature and high-temperature 
strength. The notch toughness is only slightly im- 
proved, probably because the transition temperatures 
from ductile to brittle notch behavior were lowered 
(rendering carbon and nitrogen somewhat inactive). 


BRINELL HARDNESS. 3.000 Kg -1O mm BALL 
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ORAWN AND FURNACE COOL 


IMPACT STRENGTH, 
“u" NOTCH 


IMPACT STRENGTH, Lbs 


ORAWING TEMPERATURE, °F (A.C.) 
Fig. 29 Effect of drawing temperature on the hardness 
and impact toughness of martensitic 12% chromium 
stainless castings with varying nickel content 
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some nitrogen. Thus, Kienberger** 
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reported that electrodes, containing 
a minimum of 23°% chromium, gave 
highly satisfactory weld deposits 
when alloyed with 3% nickel and 
0.25% nitrogen. Although often 
advisable, postheat treatments on 
these deposits may not be necessary 
unless the heat-affected zone of the 
parent metal has been detriment- 
ally affected by the welding opera- 
tion. 
Eberle,'** however, showed that 
4 (Cr-Ni) weld metal displayed 
in the as-welded condition erratic 
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and low impact resistance which 
was inconsistent with the ferritic- 
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Fig. 30 Effect of nickel content on the mechanical properties and resistance to 
chromium stainless 


corrosion in boiling 65% nitric acid of martensitic 12% 
castings'©’ 


However, the notch-impact toughness is considerably 
improved when the addition of nickel (and other aus- 
tenite formers) to the high-chromium steels causes the 
retention of austenite at room temperature.® *% 34 146, 147 
This is also apparent from Fig. 28 for the as-quenched 
Charpy impact specimens which have not been exposed 
at 1300° F. (705° C.). Although a wrought 27% 
chromium steel exhibited an average notch-impact 
toughness of about 2 ft.-lb., the addition of 4% nickel 
increased the average toughness to about 42 ft.-Ib. 

Nickel additions do not improve high-temperature 
corrosion'® or scaling™ '*. '5 resistance unless a fully 
austenitic structure is obtained. However, in allowing 
martensite to form in alloys of higher chromium con- 
tent, hardenability may be combined with the bene- 
ficial effects of improved corrosion and scaling resistance 
which is due to the higher chromium content. 


Effects on Welding 


Even small amounts of nickel (above 0.3 to 0.5%) 
considerably improve the properties of weld de- 
posits.* *7 Larger quantities of nickel are also bene- 
ficial, particularly when a ferritic-austenitic weld de- 
posit is produced. 

Weld deposits showing ferritic-martensitic structures 
should be annealed for several hours between 1350 and 
1450° F. (730 and 790° C.). If austenitic 18-8 (Cr-Ni) 
wires are used, preheating at 750° F. (400° C.) is ad- 
visable in addition to the postannealing treatment. 

Good results are obtained with electrode composi- 
tions producing weld deposits of sufficiently high chro- 
mium and nickel content in which all the austenite, form- 
ing at elevated temperatures, is retained at room tem- 
peratures. For example, electrodes containing 25 or 
26% chromium and 4% nickel are satisfactory.® ' 
Further improvement is obtained by the addition of 
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° austenitic microstructure of the de- 
posit and with the characteristics of 
the corresponding wrought material 
(Fig. 28). He ascribed the unsatis- 
factory Charpy impact resistance 
of 2.5 ft.-lb. (Specimen 10, Table 9) 
to weld defects and not to the material itself. ‘The more 
highly alloyed 26-—5.5 (Cr-Ni) and the 27-44 (Cr-Ni- 
Mn) alloys exhibited impact values of 8.3 and 10.5 ft.- 
lb., respectively, in the as-welded condition." '* 
It might well be that the reason for the low notch-im- 
pact values is that the notch-impact transition tempera- 
tures of the welds are reduced to room temperature 
only by the ferritic-austenitic structure, whereas in 
wrought materials of similar composition, the notch-7 
impact transition temperatures are reduced to con- 
siderably lower temperatures. This would explain 
why Charpy impact tests performed at 300° F. (150° 
C.) resulted in values above 20 ft.-lb. for these same 


three steels. 


Table 9—Charpy Impact Properties of Various Weld De- 7 
posits* on 28% Chromium-Base Metal'* i 
Held 100 
As-welded As-welded at 1300° F.q 
tested at tested at and tested 


room 300° F at 300° F. 
temp., (160° C.), (140° C.), 
Weld Type electrode ft.-lb. ft.-lb St.-lb. 3 

1 28 Cr (High N} 1.5 16.5 16.5 x 
2 28Cr [Tif] 21.3 10.2 
3 28Cr [Tit + Nit] 2.7 30.3 7.2 
4 35-15 (Cr-Ni) 8.25 
5 25-20 (Cr-Ni) 34.8 36.3 20.0 
6 23Cr 1.5 22.0 24.0 
7 23-2 (Cr-Ni) 3.6 22.6 18.7 
8  26-5.5(Cr-Ni) 21.0 8.3 
9 27-44 (Cr-Ni-Mn) 10.5 22.0 1.0 
10 27-4 (Cr-Ni) 2.5 24.0 34.0 
11 25-12-Cb 

(Cr-Ni-Cb) 27.0 34.3 2.3 
12 25-12(Cr-Ni) 24.0 24.0 21.3 
13 15-35 (Cr-Ni) 47.0 46.0 35.0 
14 29-15(Cr-Ni) 23.3 22.0 5.0 
15 29-9(Cr-Ni) 13.7 20.3 1.0 
16 25-12(Cr-Ni) 17.7 23.2 11.3 


* Compositions given in Table 10 
t Added as FeTi in weld groove between beads. 
t Added in weld groove between beads. 
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Electrode, 
Weld C Ma Si Cr * Ni y 
4 0.13 1.54 1.30 34.41 15.69 tl 
5 ine 62 
6 0.13 0.90 0.25 229 ... 0.15 
7 0.14 086 026 229 214 0.15 
8 0.23 0.96 1.04 2634 5.64 ae 
9 0.13 440 0.62 27.09 407 0.163 
10 0.10 064 0.57 2680 407 0.158 
il 0.08 1.34 067 24.82 14.32 1.15Cb 
12 0.08 1.09 0.33 24.32 15.02 a 
13 0.08 O.11 1.76 20.26 34.80 ss 
O11 1.19 0.60 28.70 15.00 
15 0.18 1.66 033 29.05 13.47 


Table 10—Chemical Composition of Electrodes and Weld Metal'* 


- Deposited weld metal, % —- ~ 
Cc Mn Si Cr Ni N Others 
0.13 0.86 0.04 26.6 0.20 0.185 ; 
0.14 0.82 0.09 26.0 0.20 0.173 1.0 Ti* 
0.15 1.23 0.09 25.9 1.27¢ 0.171 0.07 Ti* 
0.14 1.53 0.09 31.4 9.34 1.36 yin 
0.17 1.41 0.05 26.0 16.9 0.117 
0.15 1.45 0.03 23.1 0.20 0.189 
0.14 1.18 0.03 22.9 1.83 0.163 
0.31 41.30 0.09 25.7 5.0 0.049 
0.12 3.76 0.28 26.9 3.76 0.172 
0.12 1.0 0.26 26.3 3.92 0.199 ; 
0.14 1.31 1.02 24.4 12.5 ee 0.74Cb 
0.18 1.49 mee 24.6 11.3 P 
0.10 0.95 ceo 21.0 28.6 
0.11 1.13 0.24 27.7 12.1 0.106 
0.13 1.26 0.44 28.0 9.57 13 
0.33 2.03 7.3~ 10.7 


* Added as ferrotitanium in weld groove between beads. 
+ Added in weld groove between beads. 
Cr added through electrode coating. 


In the high-chromium steels which also contain 3 to 
6% nickel, sigma forms more slowly in the weld de- 
posit than it does in the corresponding wrought grades. '* 
This is due to the nonhomogeneous nature of the weld 
deposit which requires longer periods for precipitation 
and produces a finer distribution of sigma particles 
which, as such, affect the mechanical properties less 
detrimentally. Thus, Eberle! reported that after only 
100 hr. exposure of 27-4 (Cr-Ni) weld metal at 1300° F. 
(705° C.) could the initial stages of sigma-phase forma- 
tion be observed. 


NICKEL AND MOLYBDENUM 


Nickel and molybdenum additions are sometimes 
made to chromium stainless steels containing between 
25 and 30% chromium. The amount of nickel varies 
between 3 and 5% and the amount of molybdenum be- 
tween 1 and 1.5%. 

Although Kiefer® stated that the 27-4—Mo (Cr-Ni- 
Mo) type alloy is ferritic, it is likely that austenite will 
be retained down to room temperature. ® Such a 
teel is produced in considerable quantity in Sweden and 
is always found to contain, at room temperature, a 
tructure of ferrite and austenite. 

In these high-chromium steels, nickel is primarily 

ided to improve toughness, whereas molybdenum 

rves to improve corrosion resistance. Thus, these 
teels are used in the sulphite (paper) industry in fit- 
ings, pipe lines, pump shafts, etc. 

However, these particular compositions are highly 
susceptible to sigma-phase and 885° F. (475° C.) Em- 
brittlement'** * which occurs more rapidly in these 
steels than in the regular ferritic 28% chromium 
steels.** Thus, Foley™ stated that, if the 27-4-1 
(Cr-Ni-Mo) alloys were hot worked well above the 
range in which sigma could form, plates could be cold 
sheared and punched without difficulty. If hot-work- 
ing operations were performed in the temperature range 
in which sigma forms, the steel would become quite 
brittle and would crack if the plates were accidentally 
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dropped a distance ten feet from the crane. Satisfac- 
tory plates are produced when the billets are heated hot 
enough to finish at a temperature above 1700° F. (925° 
C.).! Billets for wire drawing must be rolled and 
finished hot. If intermediate annealing treatments are 
necessary during cold-drawing operations, it is essential 
to heat the billets above the sigma-formation tempera- 
ture, range in order to prevent enbrittlement.'” 

Highest toughness values are obtained on water- 
quenched alloys which were heated for short periods 
(15 min.) at 1900 to 2100° F. (1040 to 1150° C.). Such 
treatments result in Izod impact values from 60 to 1 10 ft.- 
Ib. Lower temperatures and/or air cooling reduce im- 
pact toughness considerably. Thus, rapid cooling from 
1700° F. (925° C.) of a steel containing 0.08% C, 
27.5% Cr, 4.5% Ni, and 1.5% Mo resulted in an Izod 
impact toughness of only 8 ft.-lb.°°* A double heat 
treatment which consisted of holding the steel for 48 hr. 
at 1350° F. (730° C.), furnace cooling, reheating to 
1700° F. (925° C.), and rapid cooling gave a toughness 
of 16 ft.-lb. 


NITROGEN 


Willful additions of nitrogen are rarely made in the 
commercial melting practice of martensitic or ferritic 
stainless steels. The primary purpose for the addition 
of nitrogen to these steels is to produce a grain refine- 
ment and/or a widening of the gamma region. One of 
the major exceptions is 28% chromium stainless-steel 
welding wire which is often specified to show a nitrogen 
content of 0.10 to 0.20%. This addition is made in the 
steel mill. Wrought grades containing 23 to 27% 
chromium may have to meet similar specifications.*"° 

The limited beneficial effects of nitrogen on the 
chromium-bearing stainless steels are due to its solu- 
bility, which increases with chromium content. Thus, 
the solubility of nitrogen amounts to approximately 
0.17 and 0.38% at a chromium content of 15 and 25%, 


* Original information from Bulletin Working Data for Carpenter Stainless 
Steels, Carpenter Steel Co., Reading, Pa. (1946). 
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respectively. 5. 1 However, excessive, undis- 
solved quantities of nitrogen are as detrimental to the 
stainless steels as they are to the carbon steels in which 
nitrogen absorption is negligible. Thus, excessive 
amounts of nitrogen in stainless steels tend to produce 
unsound gassy ingots'! and porous weld deposits.** 
Moreover, the undissolved quantities of nitrogen some- 
what increase the hardness and strength of stainless 
alloys, although ductility and impact toughness are 
reduced severely. The detrimental effects of an ex- 
cessive nitrogen content explain why, in commercial 
melting practice, where it would be difficult to control 
the nitrogen content (as an alloying element) accu- 
rately, nitrogen additions are rarely made. 

As a safe generalization, it is usually recommended 
that nitrogen should not amount to more than one- 
hundredth of the chromium content.” 


Effects on Structure 


In its tendency to form austenite, nitrogen is almost 
as effective as carbon. Thus, nitrogen widens the 
extent of the gamma loop considerably, particularly the 
two-phase, austenite-ferrite region.5 5 Conse- 
quently, alloys, in which nitrogen amounts to approxi- 
mately one-hundredth the chromium content, will be 
composed of a duplex structure at elevated tempera- 
tures above 1800 to 2000° F. (980° to 1095° C.). Thus, 
0.3% nitrogen widens the two-phase region to about 
30% chromium.” 

Because the sluggishness of the austenite-to-marten- 
site transformation increases with chromium content, 
some austenite may be retained in quenched specimens. 
Thus, alloys with 23 or more per cent of chromium, 
which are quenched from above 2000° F. (1095° C.), 
exhibit a duplex structure, containing only austenite 
and ferrite when they contain a sufficient quantity of 
carbon and nitrogen. 

On tempering the compositions having retained aus- 
tenite, little change occurs up to 750° F. (400° C.). 
However, at temperatures between 750 and 1470° F. 
(400 and 800° C.) the austenite breaks down into fer- 
rite which contains carbides and/or nitrides." 

Decomposition of residual austenite between 750 
and 1470° F. (400 and 800° C.) can only be prevented 
by adding nickel and manganese. This, for example, 
was accomplished by adding 1.5% nickel and 3% 
manganese to alloys containing 25% chromium and 
0.20 to 0.25% nitrogen. Such a steel showed a 50% 
austenitic structure which was not susceptible to sigma- 
phase precipitation.” These and other studies in- 
dicate that nitrogen reduces the susceptibility to sigma 
formation by shifting the precipitation range to a 
higher chromium content.” 


Effects on Grain Size 


A sometimes useful benefit derived from ni- 


trogen additions to chromium stainless steels is the 
considerable grain refinement which may be ob- 
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tained.‘ 15, 57, 72, 112, 14, 171 Actually these beneficial 
effects are due to the formation of austenite!” or certain 
nitrides of such elements as aluminum or titanium which 
in the form of fine nitrides particles would tend to in- 
hibit grain growth. In fully ferritic compositions, un- 
combined nitrogen is not likely to have any beneficial 
effect on the grain size. 

In castings and weld deposits, the fine grain size is 
primarily caused by minute nitride particles which 
act as crystallization centers (seed crystals) in the 
molten metal® and prevent columnar crystallization.” 
In castings, however, nitrogen loses its effectiveness to 
cause grain refinement if the pouring temperature of the 
molten metal is increased.” This is probably due to the 
dissolution of the seed crystals. 

The particles are formed because of the strong affinity 
of nitrogen for various elements particularly aluminum, 
titanium, chromium, vanadium, ete., which may be 
present as alloying or residual elements in these stain- 
less steels. 

Generally, the nitrogen is introduced in the form of a 
cyanide,” *4 nitride particles as AIN* or other nitrided 
aluminum compounds, * or in the form of nitrogen-bear- 
ing ferrochromium.* ® 57 

Nitrogen also inhibits grain growth in cast and 
wrought chromium stainless steels exposed to elevated 
temperatures.'! Here, the presence of a duplex struc- 
ture is even more effective than the nitride particles. 
Of course, severe grain growth will occur at tempera- 
tures at which the austenite has transformed into (delta) 
ferrite and the nitride particles have gone into solution. 
The critical temperatures are a function of the total 


composition. 


Effects on Corrosion Resistance 


Nitrogen does not seem to effect the general corrosion 
rates of the chromium stainless steels detrimen- 
tally.* 4% §* In fact, nitrogen seems to be beneficial in 
Quench- 


improving resistance to pit corrosion. 

ing these nitrogen-bearing stainless steels from 2100° F, 
(1150° C.) produces better results than are obtained on 
quenching from either 1560 or 2460° F. (850 or 1350% 


C.). 


Effects on Physical Properties 


In addition to improving the quality and soundness of 
castings® and weld deposits, nitrogen, when it is not 
present in excessive undissolved quantities, is also bene- 
ficial to the mechanical and fabricating properties of 
cast and wrought grades.’ 2%, 20%. 210 Moreover, 
the fine-grained, nitrogen-bearing stainless steels ex- 
hibit a superior machinability—both from the point of 
view of cutting speed and surface finish." 

Although nitrogen, as does nickel, improves notch 
toughness,* the actual mechanism is not yet apparent. 


_ ™% 172 * Improvement in notch toughness as used here means that, in addi- 
tion to hi her impact values, the transition range from ductile-to-brittle be- 
havior is shifted to lower temperatures. 


237-8 


| 


Table 11—Effects of Nitrogen Content and Heat Treat- 
ments Upon Notch Toughness" 


Modified 
Alloy composition, % Charpy, 
Cr Cc Treatment ft.-lb. 
17.84 0.207 0.01 wk from 1650° F. 3-4 
(900° C.) 
PR at 1400° F. (760° 15.0 
C.), air-cooled 
Very carefully annealed, 72.0 
slowly coole 
18.26 0.145 0.006 ee from 1650° F. 120.0 
(900 
Quene hed in oil 113.0 
at 1400° F. (760 
Annealed at 1400° ‘(760° 83.0 
C.), air-cooled 


Thus, at each composition, a definite amount of nitrogen 
seems to produce the most beneficial results. 

Results of tests conducted by Lincoln’* on 18% 
chromium stainless steel alloys made partially marten- 
sitic by nitrogen additions are repeated in Table 11. 
It is apparent that, in this composition, best results are 
obtained with 0.145% nitrogen. The normalized 
specimens primarily contained ferrite and a sorbite- 
type structure. 

Further careful studies are needed to clear up these 
conflicting results and to explain the action of par- 
ticular amounts of nitrogen in improving notch tough- 
ness. 

In alloys containing over 23° chromium and a 
duplex structure of ferrite and some austenite, best re- 
sults are obtained by a water quench from 2010 to 
2190° F. (1100 to 1200° C.)."" ' This treatment 
suppresses transformation of the austenite to mar- 
tensite. 

In certain applications, it may be particularly desir- 
able to use steels in which some austenite has been re- 
tained, since the presence of austenite causes a very 
considerable improvement in the notch toughness. 
Results by Colbeck and Garner"! on 25% chromium 
tainless alloys are shown in Fig. 31. Small additional 


mounts of nickel improved notch toughness still fur- 
her.'' After heat treatments between 750 and 1400° F. 
400 and 1040° C.) which caused the decomposition of 
he retained austenite, the specimens became quite 
rittle again.'! 

In addition to the presence of residual austenite, 
otch-impact toughness is also improved by the fine 
rain size produced by the presence of nitrogen. 

In the intermediate temperature range above 300° F. 
150° C.), partially martensitic alloys, containing 12 to 

16% chromium, up to 0.2% carbon, and between 0.05 
to 0.2°% nitrogen, are found to be of high strength, 
ductility, and toughness. '* 

The heat resistance is not affected adversely by 
nitrogen.''''® In fact, Sissener*® found a 25% chro- 
mium-—0.3°% nitrogen steel very suitable for use as hearth 
material at 2010 to 2190° F. (1100 to 1200° C.) in CO 
atmospheres. 

In chromium steels containing 25% chromium, a 
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nitrogen content of about 0.25% improves hot-forging”® 
characteristics. Cold drawing™ also can be per- 
formed with much greater ease because of the refined 
grain size of the nitrogen-bearing alloys. However, ex- 
cessive amounts of nitrogen (over '/i the chromium 
content) would be undesirable and introduce consider- 
able hardness and stiffness.” 


Effects of Welding 


In welding these stainless steels, nitrogen improves 
weldability considerably when amounting to about 17 
of the chromium content. In this respect, the 
effects of nitrogen are similar to those produced by 
small additions of nickel. 

In stainless grades containing 17 to 20°) chromium, 
the presence of nitrogen (about 0.15%) reduces the 
susceptibility to grain growth in the heat-affected 
zone.” However, toughness is not improved unless 
subsequent annealing treatments are employed between 
1200 and 1400° F. (650 and 760° C.).% This is pri- 
marily due to formation of martensite, which should be 
changed to ferrite if high toughness is desired. 

In weld deposits made by are welding with 25° 
chromium electrodes which also contained 0.24% 
nitrogen, annealing improved the elongation from 7 to 
10%.** In this composition, because slight amounts of 
martensite may be assumed to be present in the ferritic- 
austenitic matrix, toughness should also be improved by 
annealing. 

In steels with a chromium content near 25°%, weld- 
ability is improved still further if small amounts of 
nickel are added to the nitrogen-bearing electrodes.*: ** 
This is primarily due to the complete retention of aus- 
tenite in the weld deposits. 

Although nitrogen is ordinarily added directly to 
either the core wire®! or the electrode coating in the 
form of nitrogen-bearing alloys or compounds, nitrogen 
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Fig. 31 Effect of quenching temperature on the impact 
toughness of 25% chromium stainless steels'' 
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may also be absorbed from the atmosphere. By reduc- 


ing the electrode coating, the protective action, pro- 
duced by the sheathing effect of the gas and the slag, 
is decreased.*' This results in increased absorption of 
the atmospheric nitrogen by the weld metal. 

Thus Portevin'® ' effectively controlled the nitrogen 
content of arc-welded deposits by varying the thickness 
of the electrode coating. Whereas a bare electrode 
(28% chromium) gave 0.52% nitrogen in the weld de- 
posits, a heavy coating reduced the nitrogen content to 
0.17%. Oxyacetylene welding, because of the sheathing 
effect of the oxyacetylene gas, gave a maximum of 
0.12% nitrogen. However, in arc-welding operations, 
it is best practice to control the nitrogen content of the 
weld deposit by a suitable adjustment of the composi- 
tion of the core wire and coating of the welding elec- 


trodes. 


PHOSPHORUS 


Although it has been claimed” that between 0.1 and 
2.5% phosphorus gives chromium stainless steels con- 
taining 13 to 40% chromium and 0.1 to 2.5% carbon 
very good working properties and a high resistance to 
wear, it is doubtful that this is true of phosphorus addi- 
tions above 0.25%, which are not feasible commercially. 
Because phosphorus tends to produce hot shortness, the 
higher phosphorus steels are likely to show poor me- 
chanical properties and pocr hot-working character- 
istics. In martensitic grades containing 13°% chrom- 
ium, phosphorus improves creep strength.'7* 

Phosphorus severely decreases corrosion resistance in 
chromium stainless steels which have been heated at 
temperatures above 1650° F. (900° C.). The low cor- 
rosion rates are believed to be due to the formation of a 
“reactive layer’’ which formed along the grain bound- 
aries above 1650° F. (900° C.).°° For example, after 


welds of a steel containing: 


0 
Cc 0.10 
Mn. 0.51 
Si. 0.34 
P. 0.19 
Cr. 16.35 


0.25 


had been heated for more than | hr. at 2010° F. (1100° 
C.), whole grains fell out after exposure to 60% HNO. 
Annealing between 1290 and 1470° F. (700 and 800° C.) 
again restored the corrosion resistance.” 
Phosphorus-bearing chromium stainless steels are not 


Ni. 


produced commercially. 


SILICON 


In chromium stainless steels, silicon is primarily use- 
ful in improving scaling resistance at elevated tempera- 
tures. The advantages are particularly noticeable in 
steels exposed to sulphur-bearing atmospheres. '** 

Thus, silicon-bearing, stainless wrought and cast al- 
loys are extensively used as furnace parts at tempera- 
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tures above 1100° F. (595° C.) in which high mechanical 
properties are generally not required. Moreover, in 
castings, silicon additions are beneficial because their 


presence improves fluidity. 


Effects on Structure 


Silicon, as a ferrite former, is about four times as ef- 
fective as chromium in its tendency to restrict the 
gamma region. Thus, in ferritic chromium stainless 
steels, up to 3% silicon is used, at times, as a substitute 
for chromium.* 

In the ferritic-austenitic stainless steels (containing 
over 23% chromium), the substitution of silicon for 
part of the chromium is not practical for alloys used at 
room temperature, because silicon does not increase the 
sluggishness of the austenite-to-martensite transforma- 


tion as well as chromium does. 


Effects in Castings 


In martensitic 12° chromium stainless castings, 
Schoefer'? showed that silicon somewhat reduces the 
impact toughness of castings which are tempered at 
temperatures up to about 1200° F. (650° C.), Fig. 32. 
In wrought martensitic grades, silicon may not be as 
detrimental. 

In ferritic-austenitic castings containing about 27% 
chromium and 5% nickel, silicon may have detrimental 
effects. In these alloys, silicon may cause a considerable 
reduction in sealing resistance'® which may be related 
to the fact that a high-silicon content produces a tends 
ency to excessively large grain formation. 
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Fig. 32. Effect of drawing temperature on the hardness 

and toughness of martensitic 129% chromium stainless 
castings with varying silicon content'™ 
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Effects at Elevated Temperatures 


Although wrought, silicon-bearing, chromium stain- 
less steels are generally not as resistant to scaling at 
elevated temperatures as aluminum-bearing stainless 
steels, such alloys are nevertheless used considerably. 
Castings for elevated: temperature service generally 
contain silicon and not aluminum. The reason for this 
is the fact that aluminum is readily oxidized, and thus, 
the production of aluminum-bearing castings is difficult. 


Effects of Welding 


Although silicon improves the weldability slightly, its 
beneficial” ® effects on the High-Temperature Em- 
brittlement of ferritic stainless alloys are too small to 
obviate postheat treatments of grades used at room 
temperature. However, since the silicon-bearing grades 
are generally used above 1100° F. (595° C.), these 
service temperatures will remove the effects of the 
High-Temperature Embrittlement. Sigma-phase em- 
brittlement may also occur in alloys which contain 
sufficient quantities of chromium, silicon, and other 
elements at suitable temperatures (see pages 218-s to 
220-s). 

Recent German specifications for heat-resisting, 
wrought and cast, silicon-bearing alloys as well as their 
welding characteristics are summarized in Tables 12 
and 13. 


SULPHUR 


Sulphur, as in the austenitic chromium-nickel stain- 


less steels,* improves the free-machining characteristics 
of the martensitic and ferritic chromium stainless steels. 
These beneficial effects of sulphur are primarily due to 
the formation of sulphide particles. They are respon- 
sible for the considerable commercial use of the sulphur- 
(and/or selenium-) bearing stainless steels where good 
machinability is of primary importance. On the other 
hand, toughness and ductility (bendability'’*) are con- 
siderably lowered by the presence of the sulphide par- 
ticles which, in certain applications, may offset the ad- 
vantages of good machinability. 


The martensitic grades containing 11 to 14% chro- 
mium and 0.05% sulphur should first be heated to a tem- 
perature, below the gamma loop, of about 1450° F. 
(790° C.) to obtain large carbide particles. (The sizes 
and shapes of the sulphide particles are fixed by the 
composition of the alloy, the casting and solidification 
conditions, and by the nature and amount of reduction 
during rolling and other fabricating operations. An- 
nealing at 1450° F. (790° C.) is not likely to affect the 
sulphide inclusions.) After air cooling from 1450° F. 
(790° C.) the alloy should be reheated to temperatures 
at which a small amount of austenite forms, which, 
after rapid quenching, transforms into martensite.” As 
the carbides should not go into solution completely, 
temperatures near 1580° F. (860° C.) seem most suit- 
able. According to Malcolm,” this slightly hardened 
condition gives superior machinability. However, the 
advantage of forming even a small amount of rarten- 
site seems highly questionable. In tool steels, the 
presence of residual martensite is accepted to be detri- 
mental to machinability. 


Steel ———— Composition, % 
No.* Type Cc Si €r 
4712 Wrought <0.12 2.2-2.5 8-6.2 
4722 Wrought <0.12 2.02.3 12.5-13.5 
4741 Wrought <0.12 1.9-2.2 17.5-18.5 
4821 Wrought 0.15-0.25 1.0-1.3 24.0-26.0 
4710 Cast 0.25-0.35 2.0-2.5 5.5-6.5 
4740 Cast .0.40-0.60 1.3-1.8 16.5-17.5 
4745 Cast 0.50-0 1.3-1.8  21.0-23.0) 
4776 Cast 0.50-0 7 1.3-1.8  28.0-30.0} 
4777 Cast 1.20-1.40 1.3-1.8 28.0-30.0 
4823 Cast 0.30050 101.5 26.0-28.0 


Table 12—Composition and Welding Recommendation of German Silicon-Bearing, Wrought and Cast, Chromium Stain- 
less Steels'**, 


3.54.5 


3.54.5 


-_ 


Welding recommendations 


Electrode 
Ni classification 
4723, 4828 Postheat treatment not necessary 
4723, 4828 Postheat treatment not necessary 


4772 Postheat treatment at 1380° F. (750° C.) 
and aircool 


(4828 Postheat treatment not necessary 

4821, 4842 Postheat treatment not necessary 

4723) 

| Postheat treatment necessary if fabri- 

4772) cating operations follow welding 

4772 Weld while red hot between 1300 and 
1475° F. (700 and 800° C.) and cool 
slowly in furnace 

4772, 4821 Small parts may be welded while cold, 


otherwise welding while red hot 
1300-1475°  F. ¢700-800° C.) is 
recommended 


* Classification of Verein Deutscher Eisenhiittenleute.™ 


Table 13—Electrodes Recommended for Welding Silicon-Bearing, Chromium Stainless Steels'**; ' 


classification Cc Si Cr Ni Other 
4723 <0.12 1.3-1.8 14.0-15.0 ia 
477 <0.12 1.3-1.6 28 .0-30.0 
15-0 .25 0.3-0.5 24.0-26.0 3.54.5 
10-0.20 1.8-2.3 19.0-20.0 9.0-10.0 
10-0. 20 0.9-1.2 23 .0-25.0 19 .0-20.0 2.0-2.3 Mn 
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Similar heat-treating cycles about 50° F. (30° C.) 
higher are recommended by Malcolm”' for ferritic stain- 
less steels. 

The addition of nitrogen improves the machinability 
still further. This is due to the effects of nitrogen 
which widens the gamma loop and refines the grain 
structure. Thus, Schaufus** ** found that alloys 
with 14.5 to 18% chromium, 0.2-0.5% sulphur, 0.5 to 
2% nickel, and 0.06 to 0.3% nitrogen contained be- 
tween 30 and 60% of ferrite. 

During welding, the ferritic sulphur-bearing stain- 
less steels tend to develop porosity, small checks, or 
leaks. Thus, welding is not recommended, 178 unless 
tightness is not a factor. 


TITANIUM 


Titanium tends to restrict the extent of the gamma 
loop considerably.'* This is primarily caused by the 
affinity of titanium for carbon and nitrogen, which 
neutralizes the austenitizing tendency of these elements 
by causing the formation of titanium carbides and 
titanium nitrides. In addition, the free titanium acts 
as a strong ferrite stabilizer. 


Effects on Grain Size 


Titanium is also highly effective in producing a very 
substantial grain refinement in cast irons’ and in weld 
deposits.'* As such, titanium cyano-nitrides have 
been suggested as a very suitable addition.‘ 

The ability of titanium to cause grain refinement is 
probably due to the formation of titanium oxides and 
titanium nitrides which, like aluminum oxides or 
nitrides, act as seed crystals. This may also explain the 
fact that columbium is relatively ineffective in causing 
grain refinement, because, in these steels, columbium 
does not readily form columbium oxides or columbium 
nitrides. 

In castings'® and in weld deposits,'® '™ the presence 
of a small amount of titanium (0.20 to 0.45%) is highly 
effective in suppressing the formation of the character- 
istic columnar dendrites. However, larger quantities of 
titanium are detrimental because they cause a decrease 
in the strength of cast alloys and decrease the fluidity of 
the molten metal.!7! Cast alloys, therefore, rarely con- 
tain willful additions of titanium. 


Effects on Physical Properties 


Corrosion resistance and fabricating properties are 
somewhat improved by titanium additions.** Thus, 
Becket and Franks'* produced seamless tubing of very 
high ductility from ferritic stainless steels containing up 
to 30% chromium, <0.3% carbon, and titanium 
amounting to two to four times the carbon content. 

In steels which contain over 0.10 to 0.15% carbon 
and over 0.50% titanium, streaks of TiC particles may 
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be present. They may give trouble in hot-forming 


operations. 


Effects on Welding 


Titanium, because of its strong affinity for carbon, 
somewhat reduces the susceptibility to the High-Tem- 
perature Embrittlement. Thus, when present in 
amounts at least six times the carbon content, titanium 
is sometimes recommended as an addition to welding 
electrodes. Care, however, has to be taken for it seems 
that, when the electrode contains over 0.50°% titanium, 
difficulties may be expected. Thus, preliminary tests 
by Schaeffler,' made with titanium-bearing 28% 
chromium electrodes, indicated the poor operating 
characteristics of these high-titanium electrodes, since 
they produced weld deposits which contained en- 
trapped slag and porosities. Thus, it may be necessary 
to limit the titanium additions to about 0.20 to 0.40% 
titanium and the carbon content in the electrode to 
about 0.07 to 0.10% carbon. 

Similar tests were performed by Tikhodeev and 
Fedotov® who developed a coating which contained 
35% fluorspar, 25% marble, 20% of 23°%% ferrotita- 
nium, 20% of 49% ferroaluminum,* and a water-glass 
binder. The weld deposits from these coated, high- 
chromium electrodes contained about 35% Cr, 0.23% 
Ti, and 0.12% Al and exhibited a finely grained struc- 
ture. The tensile strength of the as-welded deposit 
32,500 psi., which approached that 
The ductility (because of the 


amounted to about 
of the parent metal. 
High-Temperature Embrittlement) remained low, but 

was found to be improved by heating and quenching 
from 1380 to 1470° F. (750 to 800° C.).® 

Another titanium-bearing coating that is claimed® to 
produce satisfactory welds from high-chromium steel 
electrodes contained 37% marble, 10°% dolomite, 32% 
fluorspar, 4.5% caustic soda, 5.5% of 75% ferroman- 
ganese, 2% of 75% ferrosilicon, 5.5% of 20% ferroti- 
tanium, 3.5% starch, and 24% water-glass. 

According to Tofaute™: and others,’ the presence 
of titanium in wrought, fully ferritic steels, containing 
more than 17% chromium and up to 0.10% carbong 
reduces the effects of the High-Temperature Embrittle¢ 
ment sufficiently in electric-are welding with Cr-Ni 
electrodes to obviate postheat treatments. As is shown 
in Table 14, this is not true” '** in gas welding of thin 
sheets where, because of longer exposure at high tem- 
peratures, embrittlement is sufficiently severe to re- 
quire postheat treatments. 

Nevertheless, under ordinary welding conditions, 
considerable difficulties seem to exist when welding 
wrought, titanium-bearing, ferritic stainless steels. 
Thus, Nathorst'® reported that many welded con- 
structions resulted in leaking pipes, storage tanks, and 
other containers. Nathorst'® suggested that in addi- 
tion to the High-Temperature Embrittlement some 
kind of intercrystalline corrosion seemed to be respon- 


* Aluminum powder has also been suggested. '*! 
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Table 14—Mechanical Properties of Welded Chromium Steel Plates 0.27 In. (6 mm.) Thick™ 


Composi- Yield Tensile Bending 
tion of strength, strength, Elongation angle, 
base plate Welding technique psi. psi. % 11.3 Vf degrees 
0.04% C Gas welded with electrode 44,000 57,000 4.0 20 
0.44% Si of same composition 
0.36% Mn 
18.2% Cr Electric-are welded with 55,000 65,000 6.4 22, 22, 41 
electrode of same com- 
position 
Gas welded with 18-8 43,000 53,000 9.1 49, 40, 40 
(Cr-Ni) electrode 
Electric-are welded with 57,000 68,000 10.6 90, 99, 99 
18-8 (Cr-Ni) electrode 
0.06% C Electric-are welded with 57,000 73,000 5.9 15, 33 
0 44% Si electrode of same com- 
0.41% Mn position 
16.8% Cr Gas welded with 18-8 51,000 71,000 6.0 33, 42, 66 
0 88% Ti (Cr-Ni) electrode 
Electric-are welded with 56,000 78,000 15.2 132, 180, 180 


18-8 (Cr-Ni) electrode 


bearing, chromium stainless steels. 

Such welds may be made reliable by a short heat 
treatment between 1350 and 1450° F. (730 and 790° 
C.). For example 5 min. at 1385° F. (750° C.) proved 
to be sufficient.'® In practice such a treatment may be 
accomplished locally. However, if the welds can be 
heat treated at these temperatures, the titanium (or 
columbium) addition is not necessary'’® as it was pri- 
marily intended to dispense with the heat treatment. 

These difficulties with titanium-bearing ferritic 
stainless steels when welded with the 18-8 type steel 
electrodes do not seem to have been encountered by a 
German metallurgist,'"* who showed considerable en- 
thusiasm for such steels. The beneficial characteristics 
of titanium-bearing stainless seem quite important, be- 
cause in welding large stainless structures, postheat 
treatments between 1350 and 1450° F. (730 and 790° 
(.) are often not possible. However, in order to mini- 
mize overheating of the heat-affected zone, the inter- 
pass temperature should be controlled. This may be 
accomplished by the use of small austenitic electrodes. 
Moreover, fast rates of electrode travel in addition to in- 
termittent cooling of the weld are highly advisable. 
Such careful welding procedures may well explain the 
differences of opinion in regard to the welding charac- 
teristics of the titanium-bearing ferritic stainless steels. 
Moreover, for best results the titanium-bearing, 17% 
chromium stainless steels should be welded either with 
columbium-bearing 18-8 (Cr-Ni) electrodes (Type 347) 
or with low-carbon (<0.07%), 18-8 (Cr-Ni) elec- 
trodes. '7* 


GENERAL CONSIDERATIONS 


The weldability of the chromium stainless steels is in- 


242-s 


sible for the inferior properties of the welded, titanium- 


Ill. Welding Chromium Stainless Steels 


properties required of the weld deposit. 


TUNGSTEN 


Tungsten is about twice as effective as chromium in 
stabilizing ferrite.* However, tungsten induces in 
these steels a susceptibility to temper brittleness. 

The addition of 2.5 to 3.5% tungsten to martensitic 
compositions (10-12% Cr) considerably reduces the 
softening rates of martensite when the steel is heated at 
about 930° F. (500° C.).4 These alloys, because of in- 
creased sluggishness, retain their (martensitic) strength 
at elevated temperatures more effectively. Because of 
these characteristics, tungsten-bearing martensitic 
stainless steels have been suggested for oil-cracking 
service.* 

Tungsten additions (2.5-3.15%) have also been sug- 
gested'* to a martensitic grade containing 0.12-0.15% 
C, 0.5-2.0% Ni, 12-14% Cr, and fractional amounts of 
manganese and silicon. After heating the steel for 8 
hr. at approximately 2010° F. (1100° C.), quenching, 
reheating 4 hr. at 1200° F. (650° C.), and air cooling, 
the alloy is useful as a turbine bolting material. 

Welding of martensitic tungsten-bearing stainless 
steels requires particular precautions to prevent crack 
formation during cooling.*' Thus, the steel should be 
heated to 600 to 800° F. (315 to 425° C.), prior to 
welding, and annealed between 1200 and 1400° F. (450 
and 760° C.) after welding has been completed. The 
weld should not be allowed to cool between these treat- 
ments. 

Tungsten has also been suggested''* as addition to 
ferritic stainless welding electrodes. Thus, weld de- 
posits from these electrodes are believed''* to exhibit 
a fine grain structure and a high elastic limit. 


fluenced by various factors. Of primary concern are the 
Next, comes 


the ability or inability to produce welds which can be 
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improved by use of certain heat treatments. Finally, 
variables introduced by welding technique, design, 
shrinkage, etc., must be considered. 


Properties of Weld Deposits 


In general, the weld deposits made from stainless 
electrodes will exhibit properties which are similar to 
-astings of identical composition. However, because of 
the greater cooling rates and the resulting finer grain 
size, weld deposits generally are more ductile than 
‘astings of corresponding compositions. Electrodes, 
having compositions which produce martensitic struc- 
tures, would give deposits exhibiting high hardness, 
tensile, and yield strengths, yet very low impact tough- 
ness and ductility. The properties of ferritic deposits 
would depend upon composition and the various em- 
brittling behaviors discussed earlier. 


Use of Austenitic Chromium-Nickel Electrodes 


Austenitic electrodes are often used to avoid the 
various problems which arise in using martensitic and 
ferritic materials and to obviate the necessity of post- 
heat-treating assembled structures. 

Their use, however, does not guarantee satisfactory 
properties. Thus, the detrimental effects of welding 
upon the heat-affected zone of a ferritic parent metal, 
susceptible to the High-Temperature Embrittlement, 
were already pointed out. In addition, the more highly 
alloyed austenitic weld deposit shows a number of prop- 
erties different from those of the chromium stainless 
steels. In some cases, these differences are highly un- 
desirable and may even lead to service failure of welded 
sections. 

The coefficient of expansion of the austenitic chro- 
mium-nickel steels is about 50 to 70% greater than the 
coefficient of the chromium stainless grades. This 
considerable difference may cause high stresses during 
repeated heating and cooling cycles and ultimately lead 
to failure in the welded joint. However, in actual prac- 
tice, failures between austenitic and ferritic stainless 
steels are very rarely caused by the difference in co- 
efficients of expansion. The relatively low yield strength 
of the austenitic weld bead minimizes the chance that a 
sufficient concentration of stress will develop in areas 
adjacent to the ferrite or the brittle martensite zone of 
the parent metal. Thus, the soft austenite acts as a 
cushion or spring to distribute the stress uniformly. 
Only in cases where a great many heating cycles (ther- 
mal fatigue) are experienced by the dissimilar metal 
joint have failures been caused or accentuated by the 
difference in the coefficients of expansion. 

When shrinkage stresses are of significance, it may be 
advisable, after removal of the slag, to stretch each 
separate pass by careful hammering or shot peening. 
This procedure, however, is rarely applied in com- 
mercial practice. 

The proper annealing heat treatment of the chro- 
mium-nickel weld metal and the chromium parent metal 
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differ somewhat. Thus, the chromium-nickel deposit 
requires annealing temperatures [above 1850° F. 
(1010° C.)] which are higher than the temperatures 
recommended for the chromium stainless steel'* [1350 
to 1450° F. (730 to 790° C.) }. 

Dilution of the austenitic stainless alloy in the fusion 
zone may be responsible for the formation of an unde- 
sirable martensitic layer between the ferritic parent 
metal and the austenitic weld deposit. In fact, in ex- 
treme cases the whole weld deposit may become par- 
tially martensitic. 

Although the martensite layer may appear in welds 
made from 18-8 and 25-12 (Cr-Ni) electrodes, this is 
rarely the case in deposits from 25-20 (Cr-Ni) elec- 
trodes. Moreover, high ductility and toughness are 
generally not of primary consequence when chromium 
stainless steels are used. Thus, the formation of a mar- 
tensitic fusion zone may not be critical. 

The corrosive environment may also require some 
attention.''* Thus, electrolytic couples may cause 
greater attack on the less noble chromium steel. How- 
ever, this may only be serious in a very few applications. 
For example, this electrolytic type of attack presents a 
serious problem in many oil-field and paper-processing 
applications. 

These considerations will determine the use of one of 
four types of electrodes in welding the chromium stain- 
less steels. They are (1) martensitic chromium elec- 
trodes, (2) ferritic chromium electrodes, (3) ferritic- 
austenitic electrodes containing small amounts of 
austenite-forming elements, and (4) austenitic chro- 
mium-nickel electrodes. Their characteristic effects on 
welding the martensitic and ferritic chromium stainless 
steels vary considerably. 


Effects of Welding Process 


In welding chromium stainless steels, are welding is 
generally preferred.'* '?7. This is due to the fact that 
are welding allows (1) a closer control of carbon content, 
(2) a more highly localized application of an extremely 
high welding temperature which gives a narrower heat- 
affected zone, and (3) the fact that electrode coatings 
prevent contamination from the atmosphere.'* For 
example, oxide inclusions in weld deposits may produce 
serious difficulties. 

With the proper precautions, satisfactory weld de- 


posits may be produced with some of the other welding } 


processes. 
Oxyacetylene welding may be the least suitable proc- 
ess because of possible carbon pickup which would 
tend to make the weld martensitic. If oxyacetylene 
welding is necessary, austenitic welding rods should be 
used. Moreover, oxyacetylene welding is limited to 
thin sheet materials (below */,. to '/, in.) and is not 
suitable for all types of position welding. Welding of 
flat sections seems to produce best results. 
Atomic-hydrogen welding produces sound weld 


metal. However, the major disadvantage of atomic- 
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hydrogen welding is the wide heat-affected zone which is 
developed. 

Submerged-melt welding is also useful in joining 
chromium stainless steels by automatic means. Sound 
weld deposits are obtained by using either austenitic or 
ferritic types of wire. Perhaps the greatest difficulty is 
predicting the chromium recovery in the weld metal. 
Such losses of chromium and of other alloying elements 
are primarily dependent upon the type of flux used. 
Are length also has some effect. 


WELDING MARTENSITIC STAINLESS GRADES 


In welding the chromium stainless steels containing 
up to 14% chromium, primary differentiation has to be 
made in their carbon content. The amount of carbon 
determines whether the alloy may be designated as 
fully or partially martensitic. In the absence of other 
alloying elements, the steels containing over 0.08% 
carbon generally represent the fully martensitic grades. 
If the carbon content is below 0.08%, the steel is par- 
tially ferritic. ~ 


Fully Martensitic Grades 


These stainless steels exhibit a high hardening tend- 
ency which increases with carbon content. Their weld- 
ing characteristics are quite poor because the severe 
hardening, which occurs in the heat-affected zone of the 
parent metal, results in large residual stresses. These 
may easily result in cracking of the already brittle 
martensite.” 

Cracking may be minimized by preheating these 
steels prior to welding at 600 to 800° F. (315 to 425° 
C.). These temperatures should be retained during 
welding. Moreover, a postheat treatment between 
1300 and 1400° F. (705 and 760° C.) should follow 
directly after welding without cooling the section. The 
heat-treated sections should be cooled in air. Under 
these conditions, very ductile welds may be obtained.” 
Although it generally is preferred practice to have the 
final heat-treating temperatures above 1300° F. (705° 
C.), good results may be obtained above 1200° F. 
(650° C.). Such a procedure has been used in the 
welding of heavy pump barrels made of 11 to 13% 
chromium stainless steels (Type 410) and welded with 
12% chromium stainless electrodes.2” Since the whole 
welding operation required four days of two-shift 
welding by two welders, the pump barrels were stored 
at night in a furnace in order to maintain the preheat 
temperatures.” 


Partially Martensitic Grades 


The presence of soft ferrite in the otherwise mar- 
tensitic structure decreases the over-all hardenability of 
the steel. This:reduces cracking® ® when welding thin 
sheets below about */,5 in.; however, in heavier sheets 
and in plates, cooling rates and interpass tempe atures 
should be controlled. Nevertheless, the partially mar- 
tensitic grades are much more readily adapted to weld- 
ing procedures than the fully martensitic chromium 
steels. 
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Thus, although advisable, preheating may not be 
necessary. Postannealing treatments, as in the fully 
martensitic grades, are highly important if ductility and 
toughness are of consequence. 


Use of Fully Martensitic Electrodes 


Electrodes which produce martensitic stainless weld 
deposits are primarily used in applications where the 
hardening characteristics of the material are desired, 
while, at the same time, the corrosion and heat-resisting 
properties of the steel are retained.** '7 On the other 
hand, the requirements for ductility must be relatively 
low. Thus, typical application are valves, gears, etc. 

Preheat and postheat treatments are necessary when 
ductility and toughness are desired and when it is im- 
portant to prevent cracking, which may be due to 
hydrogen or other causes. 

In the martensitic stainless steels containing up to 
0.15% carbon, a preheat temperature at about 300° F. 
(150° C.), in many cases, seems to produce best results. 
If the weldment is to be ductile and tough, that is, if it 
is to be primarily ferritic, a postheat treatment be- 
tween 1300 and 1450° F. (705 and 790° C.) should im- 
mediately follow the welding operation. However, if 
the high strength of the martensite is more important, 
postheat treatments are not necessary when no, or only 
negligible, quantities of hydrogen are present in the 
weld metal. When hydrogen has been absorbed (see 
page 231-s), a postheat treatment should immediately 
follow welding at temperatures and of a sufficient dura- 
tion to insure that almost all of the austenite transforms 
into martensite. For Type 410 stainless weld metal, 1 
hr. at 600° F. (315° C.) seems to be sufficient.'® 

Detailed experiments were reported by Norén® '%! 
on two martensitic electrodes containing: 


Cc Mn Si 8 Cr 
No. 1 0.10 0.25 0.80 0.030 0.030 11.5 
No. 2 0.25 0.30 0.80 0.030 0.030 13.0 


The weld deposit from electrode No. 1 showed about 
20% ferrite and 80% martensite, whereas electrode No. 
2 gave a fully martensitic deposit. At temperatures 
above 930° F. (500° C.), softening will be initiated. 
However, as shown in Fig. 33, full softening is not ac- 
complished until temperatures above 1290° F. (700° 
C.) are reached. 

The effects of tempering at 1290° F. (700° C.) and 
full hardening [quenching from 1740 to 1830° F. (950 
to 1000° C.)] are reported in Table 15. 

Each application will require its own welding pro- 
cedures and processes. For example, the edges of pro- 
peller blades made from martensitic stainless steels 
(Type 410) are most efficiently joined by an initial de- 
posit (Type 410 weld metal) made by heliare welding 
which is followed by electric-arc welding with coated 
electrodes. Whereas the initial heliare ‘tie-in’ bead 
always appeared sound, subsequent beads made by 
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Fig. 33 Effect of tempering temperature on the Brinell 
Hardness of martensitic stainless weld metals** 


heliare welding showed considerable porosity. How- 
ever, subsequent deposits by electric-are welding pro- 
duced highly satisfactory weldments." 


Retained Austenite 


The understanding of the physical metallurgy of the 
fully and partially martensitic chromium stainless 
steels is somewhat complicated by the fact that some 
austenite, which may be retained at intermediate tem- 
peratures, may transform, upon subsequent tempering, 
into martensite. If this occurs, the beneficial effects of 
the tempering treatment may be considerably reduced. 

In these steels, it is a preferable practice to use a pre- 
heat temperature of about 300° F. (150° C.) instead of 
over 600° F. (315° C.), as ordinarily recommended. At 
the higher temperature, martensite formation will not 
occur in the heat-affected zone, the width of which in- 
creases with the preheating temperature. Thus, at the 
higher temperatures, as much as 50% retained austenite 
has been found after welding.'®* On cooling of the 
welded section from the tempering temperature (the 
postheat treatment), some of the retained austenite 
will transform into martensite. This will make the 
heat-affected zone relatively brittle."** When hydro- 
gen is present, hydrogen embrittlement can readily 
occur. 

On tempering between 1200 and 1300° F. (650 and 
705° C.), which is often used commercially, a large 
amount of the retained austenite will begin to trans- 
form into ferrite and carbide. This transformation 


starts in the grain boundaries. The stable carbide in 
this temperature range is the high-chromium carbide 
(CrFe), C. Consequently, the ferrite formed in the 
grain boundaries will be low in chromium. At the same 
time, the primary martensite will also soften into ferrite 
and carbide.'® 

This results in a considerable susceptibility to inter- 
granular corrosion which may be minimized by a tem- 
pering heat treatment between 1300 and 1450° F. 
(705 and 790° C.).'*? In this temperature range, the 
lower chromium carbide (CrFe);C; is the stable carbide. 
Since, at these temperatures, the diffusion rate is also 
higher for chromium as well as other possible alloying 
elements, the susceptibility to intergranular corrosion 
will be reduced and the general corrosion resistance will 
be higher because of the higher chromium content in 
the ferrite. 

A relatively quick method used to determine whether 
the weld has transformed to martensite is to check it 
with a magnet.'8 (This test will not work if an aus- 
tenitic chromium-nickel electrode has been used to 
make the weld.) If the weld is magnetic, the trans- 
formation has taken place. If it is nonmagnetic, trans- 
formation to martensite has not taken place and the 
weld should be allowed to cool until it becomes mag- 
netic. The tempering (postheat) treatment should be 
made as soon as the weld has cooled enough to become 
magnetic. 

Use of Partially Martensitic Electrodes 

Because the crack sensitivity is reduced with de- 
creases in the carbon content, electrodes containing less 
than 0.08% carbon are preferred to weld the fully and 
partially martensitic grades, particularly as no preheat- 
ing is required when using these low-carbon, chromium 
stainless electrodes. 

Postheat treatments between 1300 and 1450° F. 
(705 and 760° C.) should still be employed, particularly 
when ductility and toughness are of primary con- 
cern. * 87, 


Use of Austenitic Chromium-Nickel Electrodes 


Welding with these electrodes is necessary if a heat 


treatment subsequent to welding is not possible. Small 


diameter electrodes should be used in order to minimize 
heating in the parent metal and minimize dilution in the 
fusion zone. Moreover, time should be allowed for cool- 
ing of the welds between passes. Although some mar- 
tensite does still form in the heat-affected zone, the 


Table 15—Effects of Tempering and Hardening of Martensitic Stainless Steel Weld Deposits 


—Tensile strength, psi.—~ —Elongation %(L = 5d)—~ Reduction in area, Yo 
Tempered Water Tempered Water Tempered Water 
1 hr. at quench 1 hr. at quench I hr. at quench 
1290° F. from,* 1290° F. from,* 1290° F. from,* 

Electrode (700° C.) (700° C.) (700° C.) 

No. 1 122,000 188,000 13 3.6 47 10 

No. 2 166,000 229,000 8.7 1.2 22.5 3 

* Deposit No. 1 quenched from 1740° F. (950° C.) and deposit No. 2 quenched from 1830° F. (1000° C.). 
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weld itself will be tough and ductile. If proper care has 
been taken, the heat-affected zone of the parent metal 
may also exhibit sufficient toughness and ductility to 
give satisfactory service in most applications. Thus, 
McClow™ described welding the low-carbon, 12 to 14% 
chromium stainless lining of a fractionating tower 
with small columbium-bearing 18-8 (Cr-Ni) elec- 
trodes '/s to °/s: in. in diameter. In this application a 
postannealing heat treatment was not necessary. Gen- 
erally, however, heat treatments between 1300 and 
1450° F. (650 and 760° C.) are preferred as long as these 
temperatures do not produce detrimental effects in the 
austenitic weld metal. 

For best results it is preferred practice to weld the 
12-14°, chromium stainless steel lining with a 25-20 
or 25-12 (Cr-Ni) electrode. This would minimize the 
effects of dilution which might be detrimental if 18-8— 
Cb (Cr-Ni-Cb) electrodes had been used instead. Thus, 
the formation of a possible austenite-martensite fusion 
zone between the chromium stainless steels and the 
austenitic weld metal is less detrimental in 25-20 (Cr- 
Ni) weld deposits than it is in 18-8 (Cr-Ni) weld de- 
posits. 


WELDING FERRITIC GRADES 


As the ferritic stainless steels are not subject to air 
hardening, they are far less susceptible to crack forma- 
tion in the welded section. However, because these 
steels are susceptible to several types of embrittlement, 
their welding characteristics should be understood. 

Of greatest concern are the effects of notch-sensi- 
tivity and of the High-Temperature Embrittlement. 
As was shown earlier, notch-sensitivity exists at 
atmospheric temperatures in commercial alloys con- 
taining over 16 to 18% chromium. Only the addition 
of austenite-forming elements and the use of suitable 
heat treatments may change the ductile-to-brittle 
transition range enough to allow the use of the higher 
chromium alloys in room-temperature applications re- 
quiring no notch-sensitivity. However as, in the 
majority of applications, the ferritic stainless steels are 
used at elevated temperatures, well above the ductile- 
to-brittle transition temperature range, notch-sensi- 
tivity does not give concern. 

As the chromium stainless steels, which are or be- 
come fully ferritic at temperatures above 2100° F. 
(1150° C.); are susceptible to the High-Temperature 
Embrittlement, postannealing at intermediate tem- 


— is usually necessary. This heat treatment 


may be dispensed with only when alloys containing 
carbide-stabilizing elements are welded using the pre- 
cautions discussed earlier. 

Sigma-phase precipitation and 885° F. (475° C.) 
Brittleness should concern the welding engineer only 
when unusual temperature conditions exist. Thus, 
885° F. (475° C.) Brittleness may occur in alloys with 
over 15% chromium exposed near 885° F. (475° C.) 
for several hours. Ordinary cooling rates, therefore, 
may not be detrimental. However, to be on the safe 
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side, preheating of the ferritic chromium stainless steels 
prior to welding, if practiced, should be employed with 
care and should not exceed 300 to 400° F. (150 to 205° 
C.). Similarly, in multibead welding the interpass 
temperature should not exceed 300 to 400° F. (150 to 
205° C.). 

Sigma-phase precipitation is not found in welded 
chromium stainless steels, unless the alloys (over 22% 
chromium) are exposed for long periods (100 hr. or so) 
between 1000 and 1500° F. (540 and 815° C.). 

Detailed welding experiments on 289% chromium 
base metal were reported by Fowler.’ The results ob- 
tained from 16 different welding electrodes are sum- 
marized in Tables 9 and 10. The Charpy impact tests 
at 300° F. (150° C.) have the advantage that they do 
not show the notch-sensitivity which is brought out 
when testing is done at room temperature. The im- 
pact tests in the specimens which were heated for 100 
hr. at 1300° F. (705° C.) reflect the effects of sigma 
precipitation. 


Use of Ferritic Welding Electrodes 


Ordinarily, satisfactory results are obtained by weld- 
ing the ferritic stainless steels with electrodes having 
compositions identical to those of the parent metal. 
Postannealing treatments are essential if ductility is of 
importance, unless service at elevated temperatures 
produces similar tempering effects. Nevertheless, 25 
20 or 25-12 (Cr-Ni) electrodes are generally preferred 
for the welding of ferritic stainless steels which contain 
over 23% chromium.” 

Because brittleness in ferritic weld deposits increases 
with higher chromium content, preheat treatments at 
300 to 400° F. (150 to 205° C.) are always advisable in 
steels containing over 25° chromium and may be 
necessary. 


Use of Ferritic Welding Electrodes 


Weld deposits which contain a small amount of aus- 
tenite within the ferrite matrix are generally superior to 
fully ferritic deposits made from the chromium stainless- 
steel electrodes discussed in the previous section. Al- 
though these ferritic-austenitic weld deposits do not ex- 
hibit the superior ductility and toughness found in aus- 
tenitic weld deposits made from chromium-nickel 
electrodes, the ferritic-austenitic weld deposits never- 
theless give highly satisfactory service in most applica- 
tions. 

The major advantage of welds made from ferritic- 
austenitic electrodes is that their coefficient of expan- 
sion is of a magnitude which is similar to that of the 
ferritic stainless parent metal. This is of particular im- 
portance in service applications in which the welded 
equipment experiences constant or even occasional 
cooling cycles (thermal fatigue). In welded sections 
made with austenitic chromium-nickel electrodes, in 
which the coefficient of expansion of the austenitic weld 
deposit exceeds the coefficient of the ferritic parent 
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metal by 50 to 70%, serious residual stress and warpage 
may result. 

Kienberger,® after conducting a detailed study of 
many alloyed chromium stainless electrodes, recom- 
mended the use of the following type composition: 


« 


C. 0.10 max. 
Si. 0.8-1.0 
Mn. 3 
Cr. ... 22-24 
Ni. 1.5 
Ne 0.22 max. 


The combination of the three alloying additions, 
manganese, nickel, and nitrogen, seemed to produce the 
most satisfactory weld deposits, from the standpoint of 
both weldability and physical properties. 

Table 16 gives compositions of a typical electrode 
and of a weld deposi: made from the same electrode. 

The mechanical properties of electrode and weld de- 
posit are listed in Table 17. 

As the ferritic stainless steels are generally used in 
equipment employed at elevated temperatures, the 
room-temperature properties listed in Table 17 should 
be reinterpreted to give higher values of ductility and 
toughness. 

Use of Austenitic Chromium-Nickel Welding 


Electrodes 


These electrodes are used in many applications be- 
cause the austenitic weld metal is not susceptible to the 
High-Temperature Embrittlement. However, possible 
problems of distortion should be analyzed carefully. 

Although the austenitic weld deposit itself may not 
require postannealing heat treatments, the heat-af- 
fected zone of the ferritic parent metal may have ex- 
perienced changes in its physical properties which would 
make postheat treatments necessary. In those cases, 
the effects of heat treatments upon the inherent charac- 
teristics of the austenitic weld metal as well as on the 
ferritic parent metal must be considered. Thus, in 
many of these ‘dissimilar’ metal joints a suitable heat 
treatment for the chromium stainless steel may detri- 
mentally affect the austenitic stainless weld metal. 
For these reasons, it is usually necessary to use heat 
treatments above 1600° F. (875° C.).” 

In welding the high-chromium stainless steels con- 
taining over 25% chromium, good mechanical proper- 
ties of the welded joint may be obtained by depositing 
three root beads from 27-4 (Cr-Ni) electrodes and by 
completing the weld with 25-20 (Cr-Ni) electrodes, 
Fig. 34.%' Although some dilution occurred in the 
25-20 (Cr-Ni) weld metal which caused the formation 
of some ferrite, the over-all weld deposit exhibited 
good mechanical properties. They are reported in 
Table 18. 

In corrosive applications, in which it would be detri- 
mental to have austenitic chromium-nickel weld metal 
adjacent to a ferritic stainless steel base which is ex- 
posed to a corrosive solution, it may be advisable to 
deposit 30% chromium filler weld metal on that side of 
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Table 16—Compositions of an Arc-Welding Electrode and a 
Weld Deposit Containing a Ferritic-Austenitic Structure® 


ig Si Mn Cr Ni N; Ti* 
Electrode 0.1 0.68 3.62 24.0 1.0 0.268 
Deposit 0.1 0.14 2.70 23.0 1.1 0.270 0.016 


* From electrode coating. 


Table 17—Mechanical Properties of a Ferritic-Austenitic 
Welding Electrode and Weld Deposit.” 


Electrode Deposit 
Yield strength, psi. 78,800 
Tensile strength, psi. 147,900 102,800 
Elongation (L = 5d), % 30.0 25.6 
Reduction of area, % 62.0 33.0 
Impact, kg./em.? 2.0 
Brinell Hardness 227 


the weldment which is exposed to the corrosive solution. 
The balance of the weld may be made with 25-20 or 
25-12 (Cr-Ni) electrodes.*” 


Welding of High-Chromium Ferritic Stainless 
Castings 


Ferritic stainless castings containing 26 to 30% 
chromium may require special considerations when 
satisfactory weldments are to be made. This is par- 
ticularly true in alloys which contain over 0.30% car- 
bon. Such alloys should preferably be welded whilé 
red hot at temperatures between 1300 and 1470° FY 
(705 and 800° C.) and should be furnace cooled slowly. "™ 
Moreover, if nickel is present (about 3.5 to 4.59%), thesé 
alloys, when used in corrosive environments, should res 
ceive an additional postheat treatment above 1300° FY 
(705° C.) in order to minimize susceptibility to inters 
granular corrosion’® and to the High-Temperaturé 
Embrittlement. 

In welding the high-chromium cast steels, electrodeg 
recommended in German specifications'® are listed ig 
Table 19. 


Fig. 34 Section through experimental weld on a 27% 
chromium stainless steel simulating weld construction of 
actual joint. Magnification 2'/, 
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Table 18—Summary of Test Results" 


1. Guided Jig Bend Tests: 
» Angle of Bend, Deg.: 180, 180, 180, 180, 180, 180. 


2. Transverse Weld Tensile Tests: 


Yield point, Tensile strength, Elongation Reduction of Location of 
pet. psi. in 2in., % area, % fracture 
55,200 86,100 16.0 44.7 Outside of weld 
75,200 93,7 10.0 27.6 Outside of weld 
49,200 89,400 13.5 33.0 Outside of weld 


Av. 59,870 


3. Charpy Impact Tests: 


Notched Unnotched 
specimens, ft.-lb. specimens, ft.-lb. 


(a) As-welded—tested at room temp. 


(b) After 500 hr. at 1300° F. (705° C.) 
tested at room temp. 


(ce) After 500 hr. at 1300° F. (705° C.) 
tested at 300° F. 


(d) After 500 hr. at 885° F. (475° C.) 
tested at room temp. 


Table 19—Composition of German Electrodes Used for Arc Welding High-Ch i Stainl Cast Steels'* 


Electrode Composition, % i 
type Si Cr Mo Cb 


1.3-1.6 18.5-19.5 8.5-9.5 7-12 C 
1.3-1.6 28 .0-30.0 
0.3-0.5 24.0-26.0 3.54.5 
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Distribution of Locked-in Stresses in 
a Large Welded Steel Box Girder 


Discussion by D. Rosenthal 


The author is to be complimented on his clear and 
comprehensive presentation of results of the many 
strain-gage measurements made in the welded steel 
box girder. It is gratifying to find that in spite of 
the many shortcomings resulting from the strain gage 
drift and incomplete relaxation data a consistent pic- 
ture of the residual-stress distribution has been ob- 


tained. This picture is also in agreement with our 
revious information regarding the residual-stress 
attern produced by welding. It confirms once more 
he finding that the residual-stress pattern resulting 
rom several welding sequences is determined pre- 
ominately by the last welding operation. In this 
stance, the last welding operation was the closing 
f the box by butt welding the 2'/:-in. top cover 
late to the lower U-shaped part of the girder. The 
sidual-stress pattern is mainly determined by this 
nal step. Thus, in the lower U-shaped part of the 
irder the stress distribution is that which is obtained 
rhen a welding bead is deposited at the edge of a 
ate,* namely high tension near the bead, compression 
n the middle portion of the plate, tension at the edge 
opposite to the bead. It is thus seen that the lower 
U-shaped part of the girder deforms as a single unit, 
almost independently of the top cover plate. On this 
basis a similar behavior would have been expected 
from the latter, i.e., high tension at both edges near 
the two weld deposits and compression in. the middle 
a Fig. 10 which appeared in the paper by D Rosenthal and J. T. Norton 


Relais Research Supplement, Vol. X. (May 1945), p. 
osenthal is Professor of Engineering, University of California, Los 


The paper by John Vasta was published in the Supplement to the September 
1950 issue of Toe Weivine Journat. 
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Qualitatively this picture agrees 
But quantitatively 
there are inconsistencies, the main one being the small 
magnitude of the tensile stresses at the upper corners. 
The writer shares the author’s opinion that a much 
better picture would have resulted had the laws of 
stress relaxation of these upper corners been better 


portion of the plate. 
with the experimental results. 


known. Obviously, it is too much to expect when it is 
assumed that each fiber of the upper corner block re- 
laxes as if the block were a thin plate. However, this 
is exactly what is meant when the readings of the gages 
attached to various parts of this block are averaged. 


Beryllium Hazard 
By R. D. Williams and D. C. Martin 


The authors of ‘““Aluminum-Magnesium Filler Metals 
for Welding High-Strength Aluminum Alloys,’’ Welding 
Research Supplement, January 1951, p. 55-s, 
call attention to a possible health hazard, mention of 
which was not made in their paper. In Table 2 (p. 
56-s), two filler rods, 10B and 11, containing 0.2 per 
cent beryllium are listed. It is understood that much 
less than 0.2 per cent beryllium can create a dangerous 
concentration in the atmosphere when volatilized by an 
electric arc. The authors therefore wish to emphasize 
that when welding with either of these filler rods, good 
ventilation at the weld must be used! 

It is the opinion of the authors that filler rods con- 
taining magnesium as the only alloying element, in the 
amounts indicated in Table 2, would work equally well. 
This was demonstrated by tests made with Rod 10A, 
but no comparable rod, with 11 per cent magnesium 
only, was tested. 


wish to 
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Effects of Light Peening on the Yielding of 


Steel 


by Howard L. Harrison and 
Blake D. Mills, Jr. 


HEN a steel beam in a bridge or other structure 

'§/ has been bent by an accident, it has sometimes 

been found practicable to straighten the member 

in position, instead of replacing it. The straight- 
ening procedure has usually been based on the judicious 
application of localized heat, which causes the metal to 
expand and yield locally, then upon cooling to contract 
in such a manner as to accomplish the desired straight- 
ening. In some instances, however, it has been found 
necessary to supplement the heat-and-contraction 
technique with a certain amount of cold straightening. 

For cold straightening of a beam, a heavy transverse 
force may be applied, utilizing a jack or a cable. If 
only a steady force is applied, it must produce bending 
stresses exceeding the yield point of the steel, in order 
to accomplish permanent straightening. However, if 
the tension side of the bent member is lightly hammered 
during application of the steady transverse force, 
straightening can be effected under a steady force 
which alone is insufficient to produce yielding. This 
observed behavior has led to the present laboratory 
studies of the effect of light hammering on members 
carrying steady axial tension. The investigation is 
related also to the peening of welds for the relief of resid- 
ual stress. 

This investigation has been undertaken under the 
sponsorship of the Engineering Experiment Station of 
the University of Washington. To date, the work has 
been only of an exploratory nature, using a simple type 
of specimen under steady tensile stress. The experi- 
mental results are not yet sufficient to warrant any 


sweeping conclusions. 


Howard L. Harrison is now an engineer with the Minneapolis-Honeywell 
Regulator Co., Minneapolis. While working on the material for this article 


he was a graduate student in mechanical engineering at the University of 


Washington, Seattle 
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of Washington 
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» Plastic elongation of mild steel strips axially loaded 
below the yield point subjected to transverse hammering 


However, the tests indicate the 


Peening in Straightening 


3" i" Radius 


Gage Length» 
Test specimen, machined from hot-rolled mild 
steel sheet; 0.078-in. thick 


Fig. 1 


considerable plastic elongation which can result from 
light transverse hammering on a tension member whose 
steady stress is well below its yield point 

The test specimens were all machined from the samé 
14-gage, hot-rolled mild steel sheet (0.078-in. thick), t@ 
the dimensions shown in Fig. 1. Figure 2 shows thé 
testing fixture, in which the specimen rests on a small 
rectangular anvil, and is subjected to a steady tensile 
load produced by a 100-lb. weight hanging from thé 
long arm of a bell-crank lever. The hammering action 
was accomplished by repeated 3-in. drops of a 1-lb, 
piece of 1'/s-in. round steel stock, having a flat striking 
face. 

Before hammering or applying tensile load, a 10-i§f 
gage length was laid off with punchmarks on each tes€ 
specimen, straddling the reduced section. The 10-ing 
length was chosen to accommodate a 10-in. Whittemor@ 


Fig. 2 The testing fixture, with a specimen in place. The 


10-in. Whittemore strain-gage is in the foreground 
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strain gage, which was used for measuring elongation of 
each specimen. The Whittemore gage was applied to 
each specimen, immediately before the hammering 
began, and again after appropriate numbers of hammer 
blows. For each hammer blow, the 1-lb. weight was 
raised 3 in. with a string and allowed to fall freely, 
guided within a loosely fitting vertical tube. The loca- 
tion of the hammer blows was slowly shifted back and 
forth along the reduced section of the test specimen, as 
hammering proceeded. Timing of the blows was syn- 
chronized with the swings of a simple pendulum con- 
sisting of a small weight hanging from an appropriate 
length of string. The frequency vas 90 blows per 
minute in all tests, except where stated to be otherwise. 

The yield point of the steel was about 35,700 psi., as 
determined from tension tests of unhammered speci- 
mens. For the tests with transverse hammering, the 
steady tensile stresses for successive specimens were 
30,000 psi., 25,000, 20,000, 15,000, 10,000, 5000 and 
zero. Six hundred hammer blows were applied to each 
specimen. Three complete series of these tests were 
conducted. Figure 3 shows the family of elongation 
curves obtained from the first series, the number of 
blows being plotted as abscissae. These curves show 
that the 600 blows produced only 0.001-in. elongation 
of the 10-in. gage length, when no tensile stress was ap- 
plied. With 15,000 psi. steady tensile stress, the 600 
blows produced 0.0045-in. elongation; and under 
30,000 psi. steady stress, the same hammering caused 
an elongation of 0.028-in. The curves of elongation, 
incidentally, are seen to resemble a family of creep-time 
curves for steel at high temperatures. 

The second and third series of tests, intended to be 
identical to the first series, produced similar but far 
from identical results. Figure 4 shows the elongation 
produce by 600 blows on each specimen in each of the 
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Plastic Elongation of 10° Gage Length, Inches 


1?) 200 400 
Number of H Blows 
(90 Blows per Minute) 
Fig. 3 Plastic elongation vs. number of hammer blows, 
under various values of steady tensile stress 
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Plastic Elongation, Inches 


10,000 20,000 30,000 
Steady Tensile Stress, p.s.i 


Fig. 4 Plastic elongation caused by 600 hammer blows, 

under various values of steady tensile stress. The three 

curves represent tests mad on different days. Room tem- 
perature was highest for the upper curve 


three test series. The only known difference in the test 
conditions was the room temperature, which was some- 
what higher for the first series than for the others. 

It was felt that the frequency of the hammer blows 
might have a significant influence on the amount of 
elongation produced. Accordingly, tests were con- 
ducted in which 600 blows were applied to successive 
specimen at frequencies of 120, 60, 30 and 15 blows per 
minute, respectively. In these tests, the steady tensile 
stress was 25,000 psi. on all the specimens. A series of 
these frequency-variation tests was conducted on each 
of two different days, and the results are shown graphi- 
cally in Fig. 5. It is seen that the highest frequency 
caused the greatest elongation, but the curve of elonga- 
tion versus frequency was considerably different in the 
two supposedly identical series of tests. Additional 
single tests scattered considerably from the curves 
shown in Fig. 5. 

It was wondered how far the effects of the hammer 
blows might extend from the material actually struck 
by the hammer. To indicate the answer, an SR-4 re- 
sistance-wire strain gage was cemented over half the 


Plastic Elongation, Inches 


30 60 90 120 
Hammer Blows per Minute 
Fig. 5 Plastic elongation vs. frequency of hammer blows. 
Six hundred blows on each specimen, under steady tensile 
stress of 25,000 psi. The two curves represent tests made 
on different days under supposedly identical conditions 
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length of the reduced section of a test specimen, and 


the hammering was confined to the other half of the 
reduced section, using a steady tensile stress of 25,000 
psi. This test was repeated on a second specimen, 
under the same conditions. In both these tests, the 
elongation of the unhammered portion was negligible, 
compared to the elongation of the hammered portion. 

It would appear that the considerable variations be- 
tween repeated tests may be partly attributable to 
nonhomogeneity among specimens cut from different 
parts of the steel sheet, but differences in the prevailing 
room temperature may also have played a significant 
part. Further tests are to be made, to study the effect 
of small differences in temperature. Each individual 
curve illustrated in this article, however, was derived 
entirely from tests conducted at practically the same 


temperature. 


CONCLUSION 

This exploratory investigation indicates a number of 
interesting features of the behavior of constant-stress 
members under light transverse hammering. Even 
when the steady stress was less than half the yield 
point, a few hundred light blows of a flat-faced hammer 
caused quite appreciable plastic elongation. Differ- 
ences in room temperature and frequency of blows ap- 
peared to have a considerable effect. The plastic elon- 
gation was confined almost entirely to the zone actually 
struck by the hammer. The conditions responsible 
for the plastic elongation have not been established in 
this investigation. It is possible that the dynamic 
stresses during each hammer blow were sufficiently high 
that momentary yielding should be expected, referring 
to common theories for the yielding of ductile metals, 
such as the maximum shear theory or maximum shear- 
strain energy theory. 


Transformation of Austenite in 
a Manganese-Molybdenum Steel 
Deposited as Weld Metal 


Discussion by Hallock C. Campbell 


The declassification of the N.D.R.C.’s welding studies 
on the N.R.C-2A electrode and particularly the publica- 
tion of the transformation diagram in THe WELDING 
JOURNAL marks a big step forward in the science as 
opposed to the art of welding. The availability of the 
transformation diagram should greatly aid in the 
understanding of welding problems connected with 
welding armor and high-tensile steels. 

An application of the transformation diagram in ex- 
plaining past observations and strengthening our faith 
in the currently recommended procedures is presented 
in the accompanying graph of Charpy V-notch impact 
values for the manganese-moly weld metal discussed by 
Dr. Miller. 

Each of the points in Fig. 1 is an average of six im- 
pact tests. The welds were made with */,-in. man- 


Hallock C. Campbell is Associate Director of Research and Engineering 
Arcos Corp., Philadelphia, Pa. 

Paper by O. O. Miller, F.C. Kristufek and R. H. Aborn was published in the 
hace Suppl. to the September 1950 issue of Tas ELDING JOURNAL, 
450-8 458-s 
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EACH POINT IS AVERAGE OF 6 TESTS 
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STRESS-RELIEVED * 
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20 


TEMPERATURE 


10 + 250-300F 
FT- 
LB. | | 125 F FC 
+: + 
-80° -40 0 +70°F 
Fig. 1 Charpy V-notch impact strength */\« in. Mn-Ma, 
electrodes 


ganese-moly electrodes in */,-in. manganese-moly plate 
using a 45° included angle V-groove butt joint with 
1/,-in. root and a backing strip. The weld metal com- 
position was 0.15 C, 1.7 Mn, 0.2 Si, 0.4 Mo. 
mens welded with 150-200° F. interpass temperature 
are noticeably higher in impact strength than those 
welded with 250-300° F. interpass. This would be ex- 
pected from a knowledge of the cooling diagram. Since 
the cooling rates for such welds pass through the ferrite- 
bainite region, the use of higher interpass temperatures 
(which to less 
martensite and hence lower impact strength, 
authors have explained. 

It is hoped that the publication of the diagram will 
valuable educational purpose in teaching the 


The speci- 


results in slower cooling rates) leads 
as the 


serve a 
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Fig. 2. Microstructure of Mn-No weld metal deposited at 

250-300° F. interpass temperature. (Above) As-welded. 

(Below) Stress relieved at 1125° F. for 4 hr., furnace cooled 

at 60° F. per hour to 600° F. and air cooled to room tem- 
perature 


proper use of preheat in manganese-moly welding. In 
many restrained weld joints it is well known that a 
minimum preheat temperature is mandatory in order 
to prevent weld-bead cracking. Naturally the tempta- 
tion is great for the welding engineer to specify a pre- 
heat temperature 100-200° higher than this in order to 
“play safe.’’ However, this safety from cracking is ob- 
tained only at a significant sacrifice in weld toughness. 
High notch toughness is the outstanding property of 
manganese-moly weld metal; it is probably the princi- 
pal reason the electrode was specified for the job in the 
first place. In order to preserve the notch toughness of 
manganese-moly weldments, the preheat and interpass 
temperatures should be held to the bare minimum re- 
quired to prevent weld-bead cracking. 

The effect of stress relief is not predicted by the trans- 
formation diagram. Frankly we were very much sur- 
prised and disturbed when we discovered how much the 
impact strength is lowered by a simple low-temperature 
stress relief. Normally we expect a stress-relief anneal 
to reduce hardness and increase ductility and impact 
strength. According to the authors’ findings it would 
seem that the heat treatment must in some way have 
modified the acicular microstructure which is the source 
of the high toughness. 

I would like to ask the authors whether an interlaced 
pattern of acicular ferrite and martensite might be ex- 
pected to lose some of its toughness through a trans- 
formation of only one of the constituents, the marten- 
site. It can be inferred from their diagram that the heat- 
treating temperature used in our studies (1125° F. for 
4 hr., furnace cooled at 60° F. per hour to 600° F. and 
air cooled to room temperature) is well above the 
martensite and bainite regions but probably not high 
enough to modify the acicular ferrite. The microstruc- 
ture at 1000 X magnification of the as-welded and 
stress-relieved specimens prepared with the 250-300° F. 
interpass temperature is shown in Fig. 2. The micro- 
structure does not seem to show any change except a 
precipitation of carbides and perhaps some modification 
of the martensite. Is that sufficient to explain the pro- 
nounced «lrop in impact strength? 
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The Micro-Mechanism of Fracture in the 


Tension-Impact Test 


Discussion by G. W. Geil 


Professor Bruckner has presented very interesting 
and informative data on the micro-mechanism of frac- 
ture in the tension-impact test. Of special interest is 
Professor Bruckner’s conclusion regarding the sequence 
of events, i.e., mechanical twinning precedes cleavage 
fracture. Several illustrations are presented showing 
evidence that supports this conclusion. 

Statements may be found in the published literature 
indicating that the mechanical twinning is a direct con- 
sequence of the fracture and is probably initiated by the 
shock of the fracture itself in the unbroken material 
which is still severely stressed. However, data ob- 
tained recently at the National Bureau of Standards in 
tension tests with ingot iron at low temperatures* are in 
agreement with Professor Bruckner’s conclusion that 
mechanical twinning precedes cleavage fracture. Neu- 


G. W. Geil is connected with the National Bureau of Standards, Washington 
D.C 
Paper by W. H. Bruckner was published in the Research Supplement to the 
September 1950 Weipine JouRNAL, pp. 467-5 to 476-5 

* Geil, G. W., and Carwile, N. L., “Tensile Properties of Ingot Iron at 
Low Temperatures,” Nat. Bur. Standards Jni. Res., RP 2119, Aug. 1950 


Fig. 1. Photomicrograph of a portion of the reduced sec- 
tion of a tension test specimen of ingot iron initially as 


hot rolled and subsequently extended in tension at — 196° 
C. to the maximum load. Etched in 4% Nital, < 100. 
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mann lamellas (mechanical twins) were observed in in- 
got iron specimens slowly deformed under tension at 


—196° C. and not extended to fracture. Figure 1 is a 
photomicrograph of a portion of the reduced section of 
a tension test specimen of ingot iron, initially as hot- 
rolled and subsequently extended in tension at — 196° 
C. to the maximum load (a true strain of 0.14). Numer- 
ous Neumann lamellas were present as indicated in this 
photomicrograph. Neumann lamellas were also pres- 
ent in specimens which had been extended slowly at 
—196° C. to very small strains. These data definitely 
show that the mechanical twinning precedes the cleav- 
age fracture and indicate that the shock of the fracture 
itself is not a necessary condition for the initiation of 
Neumann lamellas. 


Discussion by D. Rosenthal and 


W. D. Mitchell 


This investigation is of considerable interest to the 
discussors because of its implications on the work con- 
ducted by themselves on the influence of state of stress 
on brittleness of steel, which will be presented in this 
meeting. Of special importance appear to be the fol- 
lowing two aspects of micromechanism of fracture dis- 
cussed in this paper: (1) the initiation of cracks within 
the grain, and (2) the initiation of cleavage fracture in 
the mechanical twins. 

It is not clear from the paper whether the cracks 
shown within the grains actually have originated in 
these grains, or whether they represent the tail of a 
crack which originated elsewhere. Should the first as- 
sumption be correct, then the location of the ‘‘cracked” 
grains in the cross section would supply important in- 
formation concerning the influence of state of stress on 
the initiation of fracture. 

Of equal importance is the formation of cleavage 
fracture due to deformation twins. The initiation of 
this type of fracture can be conceived as the result of a 
considerable amount of highly localized deformation 
produced by the stringent conditions imposed on the 


D. Rosenthal is Professor of Engineering, University of California, Los 
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propagation of the twinning mechanism. The fact 
that a considerable amount of twinning can take place 
before cleavage fracture actually starts is in itself a satis- 
factory explanation of the large amount of deformation 
observed at the “fracture transition’? temperature, see 
Fig. 1 in our paper. 

On the basis of this analysis the flow fracture relation 
during the process of deformation of steel may be pic- 
tured somewhat like the following: 

At low strain rates (or high temperature) the defor- 
mation proceeds by slip, which in iron is sufficiently flex- 
ible to allow for the spread of deformation and failure 
shear. Thus a ductile type of fracture ensues. As the 
rate of strain is increased or the temperature lowers, the 
type of deformation shifts from slip to twinning. The 
ensuing fracture is then of the cleavage type. An ever 
increasing rate of loading (or lowering of temperature) 
tends to localize the twins to the region of high stress 
with the result that the over-all deformation becomes 
very small. This is the ductility transition. On the 
strength of this picture a finite amount of deformation, 
no matter how small, must of necessity precede the 
fracture. This conclusion has been borne vut by our 
own observations by means of X-rays which showed that 
even at temperatures as low as —290° F. an amount of 
plastic deformation of the order of 5% is still present in 
the fractured area. 


Discussion by S. W. Sandberg 


The data presented is a great step forward in the 
study of fracture. It seems to corroborate work done 
at Case Institute of Technology, which indicates that 
decreasing the temperature at which strain takes place 
decreases the number of planes on which slip is free to 
occur. It is interesting to note, however, that pre- 
straining at temperatures above the transition zone 
causes slip to occur on many planes and that slip con- 
tinues to occur on these ‘‘activated planes’? when the 
specimen is strained below the transition temperature. 
This effectively reduces the transition temperature (in 
straight tension) of the steel. It might therefore be in- 
teresting to find what effect, if any, prestraining in ten- 
sion at room temperature would have on the tension- 
impact transition temperatures. 

The fractures shown in Figs. 7, 8 and 9 do not appear 
to be confined wholly to the carbide constituent. Is 
there additional proof that fracture begins in the car- 
bide, or could it be initiated in the disordered material 
at the carbide-ferrite boundary? 


S. W. Sandberg is with the Materials Engineering Dept.. Westinghouse 
Electric Corp. 


Discussion by J. E. McNutt 


In this paper, Prof. Bruckner has described an inves- 
tigation of one of the many aspects of the brittle fracture 
problem which are in need of serious and definitive 
study. A major advance in engineering knowledge will 
have been achieved when, as an outcome of studies such 
as this one, we can formulate basic principles describing 
fracture under various conditions of stress, temperature, 
rate of loading, ete. 

There are two aspects of this investigation on which I 
would like to ask Prof. Bruckner’s further comments. 
First, is there any unequivocal evidence that pearlite 
microcracks lead to initiation of ferrite cleavage? Al- 
though it has been demonstrated that pearlite micro- 
cracks form before ferrite cleavage is noted, there have 
been no specific instances presented of ferrite cleavages 
directly attributable to cracks in pearlite colonies. In 
an investigation of the mechanism of fracture in V- 
notch Charpy specimens of a structural steel,* evidence 
has been obtained that pearlite may actually arrest 
propagation of ferrite cleavage rather than make it more 
extensive. 

The second question is: have any indications been 
noted that some critical amount of deformation must 
be exceeded before ferrite cleavage is initiated in a given 
steel? In other words, is there a “threshold’’ deforma- 
tion for ferrite cleavage? 


J. E. McNutt is Technical Secretary, Committee on Ship Steel, National Re- 
search Council, Washington, D. C 


* Baeyertz, M., Craig, W. F., and Bumps, E. S., “A Metallographic 
of in Specimens of a Structural Steel,’ Trans 
M_E. 185, p. 481 (1949 


Discussion by C. F. Tipper 


I am very interested in the photographs illustrating 
the development of cracks in cementite shown in this 
paper. 

The method used to investigate the origin of frac- 
tures by Professor Bruckner has some resemblance to 
that described in Report No. R. 3 of the Admiralty 
Ship Welding Committee 1948. By sectioning the 
plate in front of an advancing fracture, all stages in the 
process of separation could be studied, and the most 
common origin of fracture was a slag inclusion. Crack- 
ing of the carbide, particularly at grain boundaries, was 
looked for but never found, although it has been noticed 
in severely cold-worked material. Cracking of slag 
inclusions has been seen frequently. 

On the other hand carbide cracking has recently been 


Cc. F. Ti is with the Engineering Dept., Cambridge University, Cam- 
bridge 


* Tipper, C. F., Sullivan, A. M., Crystals,” 
Preprint No. 30.’ American Society of Metals, 1950. 
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described in a joint paper by Miss Sullivan and the 
writer,* in circumstances where a carbide particle was in 
the path of a Neumann lamella. 

A photograph very similar to that of Fig. 21 showing 
the change in direction of cleavage cracks on crossing 
Neumann lamellas was also shown by me in Metallurgia, 
1949, vol. 39, p. 133. This photograph and Professor 
Bruckner’s observations, however, do not provide con- 
vincing evidence on the role of Neumann lamellas in ini- 
tiating fractures. They show only that the lamellas 
were formed before fracture took place. There is am- 
ple evidence that their presenve is not necessary before 
fracture can occur, since cleavage fractures are often 
found without Neumann lamellas. The fact that 
cleavage fractures and Neumann lamellas are often as- 
sociated with impact loading, has led to the unjustifi- 
able conclusion that cleavage fractures are initiated by 
the special deformation which causes lamellas to form. 
The two may both be only symptoms of some property 
in the steel which inhibits normal plastic deformation. 
On the other hand,* some evidence is given in the paper 
referred to, that cleavage may itself initiate Neumann 
formation. It would appear that further investigation 
was required. 


a Bruckner, Walter H., “The Effects of Prior Strain and Aging at 212 
Upon the Tension Impact Properties of Two Rimmed and Two Killed Steels,” 
Technical Report Project No. NR-031-182 (Feb. 2, 1950 


Authors’ Reply 


It is a pleasure to acknowledge with thanks the evi- 
dent interest in this paper by the discussors. It is es- 
pecially gratifying to have the supporting evidence of 
Mr. Geil regarding the appearance of Neumann bands 
in alpha iron resulting from tensile stresses at low tem- 
peratures. His results are a confirmation of some of 
the observations reported in our paper that the twin- 
ning operation need not be a consequence of shock, 
need not result from fracture and most certainly can 
precede fracture or the absorption of large amounts of 
energy. Mr. Geil’s work and our own in this field indi- 
cate that the twinning operation results from a certain 
stress environment which may be attained either by low 
temperature inhibition of shear or by the use of high 
strain rate or by geometrical methods of inhibition. 

It is also gratifying to learn from the discussion by 
Rosenthal and Mitchell that the interpretation of the 
fracture sequence that was made in the paper can be 
applied to their own phenomena of the fracture and 
ductility transition. In regard to their questions I will 
say that the microcracks originate in the carbide lamel- 
las if there is sufficient shear movement in the environ- 
ment and if the orientation of the lamellas, with respect 
to the maximum principal stress, is as stated in the pa- 
per. It is not at present known at what maximum an- 
gle the carbide lamellas may be disposed to the shearing 
stress to obtain flow of the interlamellar ferrite rather 
than fracture of the carbide. That the initial carbide 
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fracture is confined to the carbide is, I believe, demon- 
strated clearly in the micrographs shown in Figs. 7 and 
9 with the additional information that a carbide etch 
which was used showed that the microcracks were lo- 
It is not clear, however, 


cated in the carbide lamellae. 
whether the fracture of the carbide is initiated by some 
disturbance of the ferrite-carbide interface or is due to 
cleavage of the brittle carbide as was suggested by Dr. 
J.T. Norton in his oral discussion. 

With regard to the energy absorbed during the twin- 
ning operation we have some, as yet, unpublished data 
on Armco Iron specimens which showed a distinct maxi- 
mum energy absorption in impact at the top of the 
transition range. Examination of the microstructure 
showed that the hump in the energy-temperature curve 
was associated with a higher density of mechanical 
twins than for fracture at higher or lower temperatures. 
Microhardness tests of some large twins in an Armco 
Iron specimen of large grain size which was fractured 
with little shear deformation showed that the twin re- 
gion had practically the same hardness as the ferrite 
surrounding the twins thus indicating that the twin op- 
eration absorbs little energy. The only indication of 
higher hardness was obtained when the 1?/; gram load 
used with the Hanemann indenter was applied to the in- 
terface of the twin and surrounding ferrite. The be- 
havior of the ferrite surrounding the twin therefore 
seemed to be worthy of examination as a possible source 
of the mechanism whereby the cleavage is initiated in 
the twin. This is a promising field of investigation as 
indicated by the results already obtained and to be pub- 
lished when completed. It appears to be similar to the 
phenomenon of “Rheotropic Embrittlement” as de- 
scribed by E. J. Ripling and W. M. Baldwin, Jr. in their 
A.S.M. reprint No. 24. 

In respect to the deformation which apparently pre- 
cedes or accompanies the cleavage fracture the etching 
pattern which is obtained along the cleavage fracture 
indicates as in Fig. 16 of our paper that the deformation 
is not uniform but may vary considerably, e.g., in Fig 
16 the etching pattern indicates a maximum of 0.005 
mm. of deformed material on either side of the cleavage 
trace in the polishing plane. On other portions of the 
cleavage crack the etching pattern indicates such slight 
deformation on the cleavage surface as to be difficult of 
measurement. The etching pattern suggests that in 
the portion of the grain in which the cleavage is ini- 
tiated the plastic flow which precedes or accompanies 
cleavage may be extensive but may decrease substan- 
tially on propagation of the fracture. 

The discussion of Sandberg is of interest in calling to 
our attention the close relationship of our work with the 
work done at Case Institute of Technology on Rheo- 
tropic Embrittlement. I should, however, like to make 
the statement a modification of his in that the material 
presented by Geil, and the material presented by Rip- 
ling and Baldwin, Jr., indicate to us that prior activa- 
tion of twin deformation regions followed by sufficient 
shear deformation to inhibit twin formation during the 
impact test may constitute the mechanism whereby 
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rheotropic embrittlement is caused to vanish. It will 
be of interest in this work as Sandberg suggests, to de- 
termine the amount of prestrain required to inhibit neu- 
cleation of twins. However, the studies which have 
been made by us on the effects of prestrain, published 
as a technical ONR report,* indicate no reduction in 
transition temperature with 5% prior tensile strain. 
There are important differences in the energy tempera- 
ture curves of the rimmed and the killed steels described 
in the latter report which are suspected as having a re- 
lationship with the different twin nucleation sensitivity 
of the two types of steels resulting from the prior strain. 

Mr. Sandberg’s other questions regarding initiation 
of the carbide fracture have I believe been answered in 

the closure directed to Rosenthal and Mitchell. 

The questions posed by Mr. MeNutt are prefaced by 
a statement with which I am in agreement. The pa- 
per which I have presented shows how the fracture 
mechanism may take place while the more important 
question as to why fracture occurs in the described man- 
ner remains for further study. His questions regarding 
the certainty with which we ascribe the initiation of 
cleavage failure to the stress raisers at the carbide mi- 
crocrack can best be answered by reference to the 
method of obtaining the fracture specimens. _ If a spec- 
imen loaded with say x energy shows carbide micro- 
cracks and another specimen loaded with slightly 
greater energy shows the microcracks and a series of 
cleavage cracks, we can say that cleavage is the next 
step in the sequence. We do not, however, know 
where the cleavage started from unless we examine the 
microstructure and we find that the start of a cleavage 
crack leaves a telltale etching pattern, a typical example 
of which is shown in Fig. 15. Here it will be noted that 
the cleavage fracture which cuts across the center of the 
field has a more deeply etched region near the carbide 
envelope of the ferrite grain at the center and right of 
center. This greater etching response is believed to be 
due to some slip or other disturbance in the ferrite which 
seems to be a necessary prerequisite for initiation of 
cleavage at least at temperatures near the top of the 
transition range. The examination of a large number 
of microstructures showing these characteristic features 
led to the postulate that in this temperature range the 
carbide microcrack initiated a disturbance in the ferrite 
which was regarded as an attempt to twin and cleavage 
followed. 

MeNutt’s other comment, that pearlite colonies may 
arrest the propagation of cleavage, appears to be sub- 
stantiated in the literature, thus the lamellar carbide 
under certain conditions may both initiate the fracture 
and help to arrest its progress. MeNutt’s question 
regarding a possible threshold deformation for cleavage 
cannot be answered at present except quite generally 
The threshold value, if it exists, must certainly change 
with the condition of the stress environment which may 
change with temperature, rate of loading, external ge- 
ometry and with internal microcrack geometry. At 
temperatures at which twin nucleation becomes possi- 
ble the threshold value of strain for initiation of 
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cleavage seems to be that of the twin operation only. 
With regard to Mrs. C. F. Tipper’s discussion I re- 
gret that her Report No R.3 was not available to me for 
study. I can say that it was difficult at first for us to 
identify the microcracks in the carbide lamellas since it 
required scanning a specimen with an oil immersion ob- 
jective at about 1200 X magnification visually. How- 
ever, after it was found that the microcracks appeared 
only in pearlite grains having a certain range of orienta- 
tion to the maximum principal stress it was not diffi- 
cult to find these cracks in such pearlite grains. How- 
ever, if the steel plate which Mrs. Tipper examined had 
fractured at a low temperature where little shear de- 
formation preceded the fracture, I would expect the 
plate to show, as did some of the tension impact speci- 
mens little or no evidence of carbide fracture but 
rather extensive twin deformation. The method 
which I used, e.g., loading the specimen in steps and the 
use of axial load provides, I believe, an ideal method 
since the microstructure may be oriented with respect 
to the maximum principal stress and loading is auto- 
matically stopped when the pendulum rebounds. 

With regard to the role of Neumann lamellae in ini- 
tiating cleavage it will be noted that Fig. 20 which is 
typical of a number of fractures has fractured in the re- 
gion of maximum twin density and prior to fracture we 
find partial fracture specimens in which cleavages may 
be confined to twinned regions or have propagated into 
the surrounding ferrite. Since this behavior pattern 
was repeated many times in the micro-mechanism 
study, it was regarded as convincing proof that the 
twins play a major part in the fracture mechanism. It 
is however to be observed that the cleavage fracture is 
not seen in each and every twin, at least not with the 
maximum resolution obtainable optically. It is con- 
ceivable that the fracture by cleavage of a large volume 
of ferrite could be started by the cleavage of a single 
twin which could then propagate from one ferrite grain 
to the other under the influence of a suitable stress en- 
vironment. Finding the one or more twin which 
started the fracture in the large volume would appear 
to be almost impossible of attainment by ordinary me- 
tallographic methods. We have for some time been 
engaged in efforts to provide a three dimensional recon- 
struction of a crack system in some partial fractures. 
This work is extremely tedious, requiring many stages 
of polishing and exact registration of the specimen with 
respect to the optical system and the photographic 
plate. The results of this study are not available as 
yet but the method promises much in the way of illu- 
minating the fracture propagation mechanism. 

I am not in accord with the view expressed by Tipper 
and Sullivan in their A.S.M. paper that the results 
which they have obtained for their thin sheets of silicon 
ferrite which were of large grain size or even single crys- 
tals should be applicable to polycrystalline ferrite of the 
relatively small grain size existing in structural steel. 
First only a biaxial stress system is involved, there is no 
surrounding restraint provided by other grains as in a 
polycrystalline material and grain boundaries are rele- 
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gated toa minor role. The work which I have reported 
indicates that any internal interface such as the ferrite 
grain boundary, the twin interface, carbide-ferrite or in- 
clusion interface is a region of disorientation suitable for 


high, localized energy concentration, the consequences 
of which, with respect to fracture, depend upon the 
stress environment. 


Room Temperature Tensile Tests 
as an Index of Transition Tem- 
perature of Steel Plates 


Discussion by C. F. Tipper 


It is of great interest to study the paper by these au- 
thors and to see that they have found fair agreement be- 
tween reduction in area in a normal tensile test and 
transition temperatures in two forms of notch test. 

The data in my paper to which they refer failed to es- 
tablish exact correlation, but showed a trend linking re- 
duction in area in the tensile test with energy absorbed 
in impact. This is not surprising, since there is every 
reason to think that the material at the base of the 
notch passes successively through all the same stages of 
a tensile bar up to the point of normal fracture, or up to 
the initiation of cleavage fracture. 

Since the publication of that paper, I have had an op- 
portunity of carrying out further tests on a number of 
different plates and there is again very clear indication 
that high reduction in area figures are obtained from 
steels also giving high energy values in impact. There 
is one disturbing fact, however, which requires further 
investigation before exact correlation can be estab- 
lished. 

It is weil known that test samples, cut in the length 
direction of roiling and transverse to it, give both dif- 
ferent impact energy and reduction in area figures, but 
the transition temperatures are often identical. When 
they differ, it is generally by widening of the range, so 
that if the mid-point of the range is adopted for the 
purposes of comparison, the transition temperatures in 
the two directions may still not differ to any appreci- 
able extent. 

Although there is a close relationship, as both papers 
have shown, there are still exceptions which require ex- 
planation. I have always aimed at finding some link 
between the quantities which can be determined in the 
normal tensile test and notch sensitivity, and the paper 
to the AMERICAN WELDING Society last October was 
prepared with that end in view. If the problem is one 
of relieving the stress concentration at the base of a 
notch there is good reason to expect success. It is 
agreed, however, that there are other contributory fac- 
tors and a far wider range of steels must be tested before 
Dr. C. F. Tipper ix with the Engineering Dept., Cambridge University, 
Cambridge, England 

Paper by 8. 8. Tér, R. D. Stout and B. G. Johnston was published in the 
Research Supplement to the September 1950 issue of Toe Weipine Jovrnatr 
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the very desirable result is attained of making one ten- 
sile test supersede a number of notch tests over a range 
of temperatures. 


Authors’ Reply 


We sincerely appreciate the discussion contributed by 
Dr. Tipper of our paper, ““Room Temperature Tests as 
an Index of Transition Temperature of Steel Plate.” 

When reduction in area values are correlated with 
energy absorbed in impact tests or slow-bend tests the 
scatter is of such magnitude that only a rough trend is 
indicated. The scatter is noticeably smaller when, in- 
stead of using absorbed energy values from impact or 
bend tests, the temperatures of transition from ductile 
to brittle are used. 

In the fourth paragraph of Dr. Tipper’s discussion, it 
is pointed out that test specimens cut transverse or longi- 
tudinal to the rolling direction give different impact 
energy and reduction in area figures but the transition 
temperatures are often identical. Our experience has 
shown that this is true if the transition temperatures are 
determined from impact tests. However, if slow notch- 
bend results are used in determining the transition tem- 
peratures, a difference is found to exist between speci- 
mens oriented transverse and longitudinal to the rolling 
direction as can be seen from Table 1.* 


Table 
Steel A.S.T.M. A-201, 1'/, In., Transition Temperature, ° F 
V-notch Charpy  Lehigh-slow- 


Con- notch-bend 
traction, Contraction, 
Energy %, Tx %, Tn 
As-received, parallel to roll- 40 30 73 
ing direction 
1% tensile Par. R. D. 68 32 46 
500 56 58 60 
800 61 77 35 
1150 40 30 25 
1600 9 13 120 
As-received, transverse to 64 50 19 
rolling direction 
1% tensile trans. R. D. 70 78 8 
500 90 60 13 
800 82 sO 25 
1150 72 52 37 
1600 8 9 50 


Finally, we agree with Dr. Tipper, as indicated in the 
conclusion of the paper, that more tests on a greater 
variety of steels are needed to establish the validity of 
this relationship between reduction in area results and 
transition temperatures. That there is appreciable 
scatter in the relation cannot be overlooked 

* Taken from “Effect of Plastic Strain and Heat Treatment,” by C. J 


Osborn, A. F. Seotchbrook, R. D. Stout and B. G. Johnston, Welding 
Research Supplement, August, 1949 
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Gas Are Welding 


by G. Urbain 


SUMMARY 


SING the radioactive tracer of tungsten, W.187, 
it is possible to measure the tungsten losses in 
inert-gas-are welding, and the quantity of tung- 
sten deposited (1) on the plate, (2) in the weld 

metal and (3) lost in the fumes. 

These tests have been performed with artificial 
tracers prepared in the atomic pile of Chatillon (near 
Paris) and a counting apparatus provided by the 
“Commissariat 4 l’Energie Atomique.” We extend 
our thanks to C. Eichner and C. Fisher of the Chemical 
Department of the “Commissariat 4 l’Energie Atom- 
ique” for their useful advice. 


SCOPE 


In the inert-gas welding process, the fusion of the 
metal to be welded is obtained by an eleciric are be- 
tween this metal and a tungsten electrode shielded by 
an atmosphere of pure argon.' 

The very small consumption of the tungsten elec- 
trode renders impossible its detection by chemical 
means. The gravity method gives a total result of the 
consumption, but not the components. One part of the 
consumption is evaporated with the smoke, another is 
condensed on the surface of the metal, and the balance 
is included in the molten metal. It seems particularly 
interesting to detect this distribution quantitatively. 
The quantities of tungsten involved are so small that 
even by colorimetry, it is impossible to detect them; 
so, it was thought of using a radioactive tracer 
tungsten W.187, the half-life of which is 24.1 hour. 
With this radio tracer, it is possible to detect even 
traces of tungsten. 


G. Urbain is Research Assistant, Société I’ Air Liquide, Paris, France 


Translated from French by C. Volff, Canadian Liauid Air Co., Montreal, 
Canada 
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Measuring the Tungsten Consumption in Inert 


® RADIOACTIVE TRACER in measuring tungsten losses 
in plate, weld metal and fumes in inert gas are welding 


PREVIOUS WORK 


Different total measurements have been made by 
several authors. The discrepancy is important and 
renders a comparison rather difficult. 

R. W. Tuthill? does not specify the operating condi- 
tions and indicates the tungsten losses, first when 
striking the are, second during welding. For a 0.4-cm. 
diameter electrode, the consumption indicated by this 
author gives a loss of 0.0012 cm. of electrode for each 
striking of the are: 2.86 milligrams; 0.01 cm. of elec- 
trode for an hour of actual welding: 22.8 milligrams. 
The welding speed is not indicated. 

These figures correspond to the following consump- 
tions per unit of welding length: 0.198 mg. per cm. of 
length with a welding speed of 20 cm. per minute and 
0.0198 mg. per cm. of length with a welding speed of 2 
em. per minute. 

A. Brodsky* gives a total consumption of 0.4 mg. 
per cm. for manual welding of stainless steel. This 
figure is for an unknown number of are strikes. As 
the losses are much more important during are striking 
than during welding, this figure is not precise enough. 
For instance, R. W. Tuthill shows that striking an 
are in the best conditions is equivalent to 7'/: min. 
of welding (e.g. from 150 to 1500 cm., according to the 
welding speed). 


OPERATING CONDITIONS 


The jig utilized for the tests is shown in Fig. 1. A 
welding torch placed on a motor-driven carriage (a) 
is equipped with a radioactive tungsten electrode of 0.2 
em. diameter. This dimension is chosen purposely, 
in order to get a radioactivity which, although high, 
is harmless for the operators. Besides, the small 
diameter gives an increase of tungsten losses, therefore 
a more sensitive method. The radioactive electrode is 
obtained by exposing an ordinary electrode, for a cer- 
tain time, in an atomic pile. 

The sheets to be welded (c) are located at 0.3 em. 
below the tip of the electrode (b). Then, a hood (d) 
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Figure 2 


The developing of the film is made as usual. The print 
shows a variable cloudiness according to the quantity 
of W.187 condensed on the sheet. 


Figure 


for suction is placed around the torch in order to col- 
lect the fumes on a filter (e). This removal of the 
fumes is necessary to protect the operators and also to 
get figures on the tungsten content of the smoke. The 
pieces to be tested were 18-8 stainless steel and 99.9% 
aluminum. 

No actual welding was made but only fusion lines 20 
cm. long, the are being struck with the help of a graph- 
ite rod. In all the tests the travel speed was main- 
tained constant ‘20 cm. per minute) as well as the 
argon delivery (6 liters per minute). Two methods were 
used: 

(a) Activity. By milling, chips of metal were 
obtained in two rectangular directions: (1) in the fu- 
sion line; (2) perpendicular to the latter (Fig. 2). 
The first chips are to detect tungsten in the molten 
metal, the second to know the quantity of condensed 
vapor metal on the surface. The measurements were 
made with a Geiger Counter in a solution obtained from: 
the fumes coming from the filter, the chips obtained in 
the fusion line and the chips obtained on the sheet. 

(b) Auto-radiography. Another process, the auto- 
radiography has been found very interesting for the 
study of the distribution of condensed tungsten on the 
plate. On the surface of the metal, a photographic film 
(Kodirex) is applied for 20 hr. This exposure time is 
determined according to the actual tungsten activity. 


RESULTS 


Stainless Steel 


(a) Activity. Data—18-8 stainless steel, 0.2 cm. 
thick; tungsten electrode, 0.2 cm. diameter; welding 
speed, 20 cm. per minute; argon flow, 6 liters per min- 
ute; are length, 0.3 em. Length of the electrode ex- 
tending beyond the ceramic cup, 0.3 em. 

Table 1 shows the results of the radioactivity of the 
chips obtained according to Fig. 2, and the fumes. 

It is interesting to note that there is no appreciable 
difference with the two types of welding, d. c. and a. c. 

(b) Auto-radiography. Figures 5 and 6 taken on the 
upper face of the sheet are similar. Figure 7 is al- 
together different, for the welding has been made with 
the electrode at the reversed polarity (pole +). The 
electronic bombardment of the tungsten provokes its 
fusion and the projection of the molten part into a 
large quantity of small droplets, in relation of which the 
vaporization of tungsten may be considered as neg- 
ligible. When welding is performed as usual, these 
factors are much lower, and accordingly Figs. 5 and 6 
show only a dozen spots. 

It is difficult to measure the average diameter of 
these droplets, for it would be necessary to know the 
absorption of beta particles by the photographic emul- 
The two beta emission spectra of W.187 are 


sion. 
known, but it would have been necessary to determine, 
by experiments, the average travel of beta particles 
in the emulsion, for it is well known that the actual 
diameter of the particle is the one of the spot minus 
This would have given the 


twice the average course. 


Table 1—All Weights are Expressed in Micrograms (10~* g.) 


Quantities of tungsten 


Longitudinal 


Transverse milling milling— Fumes, 
For 1 Fer 1 For 1 For 1 for 1 
gm. of em. of gm. of em. of em. of 
Operating conditions Total milling metal metal weld weld weld 
D.C., i = 45A; electrode negative; speed, 20 cm./min. 13.3 = 0.8 42.5+2 33 +2 17 +3 ll =2 6 =1 
Milling of 0.4-0.01-10 
12 + 1 38 +3 30+2 19+3 12 =2 


A.C.,i = 40A; speed, 20 cm. /min. 


Milling of 0.4-0.01-10 
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Figure 3 
Tungsten 


Figure 4 


distribution on the sheet and the size of droplets, a 
useful information to complete those given in another 
experiment by the high-speed cinematography of the 
are. 

Examinations have been performed with the Vassy 
microphotometer. They have shown, Figs. 5 and 6, 
the importance and the particular aspect of the tung- 
sten evaporation. The important dissymmetry of these 
pictures is due to the removal of the fumes. This suc- 
tion, although reduced to a minimum just to absorb 
the radioactive fumes, disturbs the path of the gas 
molecules for the suction unit is placed at the side 
which suppresses the vertical plan of symmetry. 

The microphotometer gives directly the optical 
density which can be used to measure the superficial 


Fig. 5 Stainless steel, 


Fig. 6 Stainless steel, 
direct current 


alternating current 
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Fig.7 Stainless steel, 
d. c. (electrode +) 


Tungsten Consumption 


density of tungsten on the sheet (Fig. 3). When 
welding stainless steel, a definite relationship is found 
between the experimental curves of tungsten vaporiza- 
tion and the curves representing the equation: Cy = 
Ae” where a = —2+ 0.5andb = 20+ 2. Itis 
also possible, by graphical integration, to determine the 
ratio of the tungsten deposited on the weld metal 
by the are. The two preceding curves give the follow- 
ing results. 

Let us suppose C,, is the superficial concentration of 
tungsten, r is the distance from the point to the sym- 
metrical axis (7, the distance from the limit of the 
fusion line to the axis). Q, = 2.,fo* Cy (r) dr is the total 
quantity of deposited tungsten along the photometric 
cut Q,, = 24," Cy (r) dr, and the quantity of deposited 
tungsten between —r; + ri, therefore on the weld metal. 

The ratio Q,/Q,, is practically constant and equal 
to 3.55 to 3.58. 

About 28% of the tungsten deposited on the plate 
must be found in the weld metal. The measurements of 
tungsten concentration, with the Geiger Counter, 
show related ratios. From Table 1 we see: 


(a) 5 = 3.1 £0.7inD. ©. 
9 

(b) 5 =2.6+0.6in A.C. 


which, respectively, corresponds to 28 and 35°, of the 
total tungsten deposited on the sheet. 

The very light blackening of the autoradiograph 
(Figs. 5 and 6) along the fusion line can be explained 
by the fact that the tungsten has been diffused into the 
weld metal which absorbs the beta radiation for a 
fraction of the plate thickness. For W.187 the most 
probable beta energy is between 0.6 and 0.7 Mev.; a 
screen having a superficial density between 250 and 300 
mg./em.” is enough to absorb them entirely. This 
corresponds to a thickness of stainless steel of 0.03 
em.; that is why the photographic emulsion can be 
impressed only by the tungsten included in this thick- 
ness. Accordingly, the fusion line appears clearer 
than the surrounding regions. The preceding ex- 


Fig. 9 dluminum 
Fig. 8 Aluminum sheet, alternating 
sheet, direct current current 
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planation assumes that the emulsion is only slightly 
sensitive to tungsten gamma radiations. This assump- 
tion is correct, as it has been verified directly with 
screens and artificial tracers (phosphorus 32). 


fluminum Sheets 


(a) Activity. Data—99.9°> aluminum, 0.3 cm. 
thick; tungsten electrode, 0.2 cm. diameter; welding 
speed, 20 cm. per minute; argon delivery, 6 liters per 
minute. 

Table 2 gathers the results of measurements made 
with the Geiger-Muller Counter and gives directly the 
tungsten concentration for the longitudinal and trans- 
verse millings. 


Table 2—All Weights Are Expressed in Micrograms 


Longitudinal 
millings— 


Transverse millings 
For 1 gm. For 1 cm 


Operating Total Forlgm. Forlcm. 


conditions milling of metal of metal of weld of weld 
D.C. 10 +1 33 +3 22 +2 16 +2 § +1 
A.C. 8 +1 25 +2 13 = 2 10 +2 5 +1 


It is seen that the quantities of tungsten deposited 
on aluminum sheets are smaller than on stainless steel. 

A. C. welding of aluminum seems to give the lowest 
losses by volatilization of tungsten. 

(b) Auto-radiography. For the distribution of 
tungsten of the aluminum sheet, the method of radio- 
autographies has been used. Figure 8 (d.-c. current 
electrode negative) and Fig. 9 (a.-c. current with spark 
gap high-frequency unit) give the results. Figure 8 
shows the absorption of tungsten by the dirt (prob- 
ably alumina) which is formed while welding with 
d.-e. current. The ratio of the droplets is still smaller 
than for stainless steel, which is quite normal. Measure- 
ments of optital density with the Vassy microphotom- 
eter give the repartition C, = f(r) of the tungsten 
concentration in a plane perpendicular to the sym- 
metrical plane. The equation is also C, = Ae” + ? 
but the coefficients a and b are different than for stain- 
less steel, e.g., a = — 1+ 0.5, b = 20 = 2. 

It is not surprising to find an equation far from the 
for the evaporation under 


usual equation with r 
vacuum. It is more surprising to find such a difference 
between stainless steel and aluminum. One of the 
main factors is probably the greater difference of 
thermal conductivity of the two metals. 

By graphical integration, it is possible to know the 
ratio between the total vaporized tungsten on the 
plate and the tungsten in the line of fusion. 

It is found Q,/Q,, = 3 + 0.2, with Q, = 2.f0°C, (r) dr: 
Q,, = 2f,"C.(r) dr. Thirty-one to thirty-five per cent 
of the vaporized tungsten in welding aluminum is 
found in the weld metal. 

With Table 2 we have similar results (from 38 to 
40%) owing to the small precision of quantitative 
measurements for these small concentrations. 
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Although the absorption of beta particles by alumi- 
num (specific gravity 2.25) is less important than for 
stainless steel, 0.1 cm. is enough to absorb all the 
beta particles emitted by the tungsten. The assump- 
tion given for the preceding autoradiographs remains 
true. 


DISTRIBUTION OF TUNGSTEN LOSSES 


Considering the proportion of tungsten found in the 
fumes, we come to a probable distribution of the tung- 
sten: 

(a) On the plate—condensation of vapor and drop- 
lets; (b) in the weld metal—condensation of vapor 
and droplets; (c) in the fumes (tungsten oxides). 

The results are given in Table 3 below. In this 
table, all the figures are given (a) in micrograms and 
(b) in percentage, all for 1 cm. of weld. 


Table 3 


Tungsten Tungsten 


on the in the Tungsten 

plate weld fumes Tungsten total 
Stainless steel 33 + 2 ll +2 6=1 50 = 5 micrograms 
D.-C. current 66 + 5% 22 = 5%''12 = 2% 100% 


49 = 5 micrograms 
00% 


A geometrical relation can be found between the 
quantity of tungsten found in the vapors and on the 
plate. It is easy to know the solid angle 2 from which 
the vapor of tungsten is spread from the electrode to the 
sheet. 

Figure 4 shows: length of the electrode out of the tip, 
0.3 em. and arc length, 0.3 cm. (average). 

The distance 21 is measured on the auto-radiographs 
and represents the width on the plate on which the 
tungsten is noticeable. 

Let us assume that W, (fumes) = quantity of tung- 
sten in the fumes; W, (plate) = quantity of tungsten 
on the plate. We have 

W, Q 


(first approximation). 


AsQ = 42 cos a we obtain 


W, COs 


W, l @ 
The value of 2/1 for stainless steel is 4 em. 
W,/W, = 0.16. This value is in good agreement} 
with the quantity of tungsten found on the sheet and 
in the fumes, for from Table 3 we have: 


Cw (fumes) 6 + | 
Cy (sheet) 0.18 4 0.04 
The total consumption of tungsten while welding 
is about 50 micrograms per centimeter for stainless steel. 
It is about half for aluminum and Al alloys. These 
figures do not include tungsten lost by striking the 
are, sticking and the like. 
It has been possible to verify Mr. Tuthill’s remarks 
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Stainless stee] 30 + 2 12 «3 
A.-C. current 52 +5% 25 +5% 13 = 2% 
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(Fig. 6) concerning the high value of losses when 
striking the are as compared to losses while welding. 


CONCLUSIONS 


The use of radioactive tracer gives the possibility of 
measuring directly the vaporization of the tungsten 
electrode in inert-gas are welding. 

These tests give an order of magnitude of the losses 
rather than an exact figure.* 

In these experiments, the tungsten consumption, 


while welding, is about 50 micrograms per centimeter 
for stainless steel, and half of it for aluminum and al- 
loys. 

Finally, this study shows the possibilities of in- 
vestigations using radioactive tracers. 
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by Artemy S. Joukoff 


LTHOUGH spot welding has become very widely 

used in the construction of aircraft, automobiles, 
railway cars, etc., it has not been introduced to any 
extent in structural work. Since the delay in 
utilizing spot welding in the building industry seemed 
to be due to lack of experimental data, the firm ‘“‘La 
Construction Soudée” undertook research on the sub- 
ject with the support of the Belgian Institute for En- 
couragement of Scientific Research in Industry and 
Agriculture, and the Belgian Institute of Welding. 
The firm “S. A. Electromécanique’”’ supplied the neces- 
sary resistance-welding equipment. To keep within 
the capacity of available resistance welders, the re- 
search was limited to light sections up to '/,-in. thick. 


Abstract of “Recherches expérimentales sur les charpentes A points 
soudés,"’ published in Revue de la Soudure, Vol. 6, No. 3 (1950) pp. 136-143 
The research was subsidized by the Belgian Institute for Scientific Research. 
: (Abstracted by Dr. G. E. Claussen) 


Static and Fatigue Tests on Spot-Welded Trusses 


» Spot-welded trusses are satisfactory for static loads but 
more research is needed to improve the fatigue properties 


Fig. 1. 
The truss dimensions are in meters. The span is 4.6 meters (= 16 ft.) 


Type of truss used in the #tudy 


The type of truss is shown in Fig. 1. A concen- 
trated load of 990 lb. was to be supported at points 5 
and 5’ corresponding to 16,800 psi. shear on each 
spot weld, all of which were 0.32 in. diameter. The 
design stresses in the different parts of the truss are 
given in Table 1. Compression stresses were com- 
puted according to the rules for construction of me- 
tallic structures of the Belgian Standards Assn. 
types of trusses were tested: 


Two 


Table 1—Dimensions and Design Stresses 


———— ——Bars——-——— —Spot welds 
Cross ross 
section, section, 

Member Load, lb. -——Angles, in —~ sq. in. Stress, psi Number 8q. in. Stress, psi. 
Compression chords —2670 13/, X 15/5 X °/2 0.166 — 16,100 2 0.155 17,200 
Tension member +2470 1X1 X */n 0.287 + 8,600 2 0.155 15,900 
Attachments 0 1X 1X °/2 0.048 1 0.078 0 
Diagonals +1140 1X1 X */s 0.287 + 4,000 1 0.078 14,600 
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Trusses 1A and 1B had gussets so that the axis of 
the bars passed exactly through the theoretical inter- 
section. 

Trusses 2A had no gussets and the axis of the di- 
agonals therefore was slightly eccentric to the inter- 
section. 

Two trusses were tested together, Fig. 2, braced so as 
They were mounted be- 
Two elas- 


to provide lateral stability. 
tween two columns of the fabricating shop. 
tic dynamometers of 8800 lb. capacity were used to 
measure load. Deflections were measured with dial 
gages. The results of the static tests are given in 
Table 2. 


Table 2—Results of the Static Tests 


Safety factor 
based on 
design load 


Total load, 
lb., on both 


Truss trusses of 990 lb. 
1A 13,000 3.28 
1B 14,900 3.77 
2A 14,100 3.56 


Table 3—Results of Fatigue Tests 


Maximum Number of 
load, cycles to 
Truss P, lb. failure Remarks 

I 2200 1,481,400 
II 2200 320,830 
Ill 2200 1,011,000 
IV 1760 1,053,100 

V 1760 2,000,000 No failure 

V 2200 53,150 Retest 


The low fatigue strength of the spot-welded trusses 
is shown by the fact that failure occurred in fatigue at 
only 15 to 17% of the load required to produce static 
failure. The dispersion in results also is noteworthy. 
Whereas Truss V withstood 2,000,000 cycles at 1760 lb., 
Truss IV failed after only a little over a million cycles at 
this load. The results do not permit us to quote an 
endurance limit for the trusses. 


Failure occurred by buckling of the compression 
chords. There was no difference between the two 
types of trusses. 

The fatigue tests were performed by Prof. W. Soete 
at the University of Ghent. The trusses were of Type 
2A without gussets and the system of loading two 


trusses simultaneously was repeated. A 30-ton Amsler 


pulsator was substituted for the static dynamometers. 
The total load, distributed equally among both nodes 
5 and 5’ of each of the two trusses, varied from a 
minimum of 220 lb. to a maximum P. 
provided 250 cycles of load per minute. 
are given in Table 3. 


The pulsator 
The results 


Method of loading two trusses for static tests 


6 


Fig. 3. The course of the fatigue cracks in truss I 


All fatigue failures occurred at joints 
5and 5.’ They were not shear failures 
but were more complex. Figure 3 
shows the manner in which the frac-9 
tures seemed to cross the spot welds. 
Microstructural examination showed 
that the cracks did not penetrate the¥ 
weld nuggets, but remained in the un-? 
fused steel. 

In conclusion it may be said that 
the static tests showed that the spot- 
welded trusses were entirely satisfac- = 
tory for static loads. In fatigue, how- 
ever, the behavior is less satisfactory. 
Further research will be undertaken 
to improve the fatigue strength through 
the use of postheat treatment of the 
weld in the welding machine. 
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Scatter in Transition Test Curves 


® Construction of transition temperature curves requires a 
knowledge of testing temperature interval, number of tests at 
each temperature and the reproductibility of measurements 
as well as a basis for naming the transition temperature 


by Adrienne F. Scotchbrook, Bruce G. 
Johnston and Robert D. Stout 


INTRODUCTION 


HE Fabrication Division of the Pressure Vessel Re- 

search Committee of the Welding Research Council 

has sponsored at Lehigh University an extensive in- 

vestigation designed to compare various steels as to 
their relative tendency toward brittle behavior at low 
temperature. 

Particular emphasis in this program has been placed 
on the effect of fabrication processes involving plastic 
strain followed by heat, with or without welding, and 
subsequent strain aging. Since no standard test is gen- 
erally accepted as a means to determining transition 
temperature it was necessary to select a test from sev- 
eral in current use. 

Reference 1 describes the various tests that were com- 
pared and gives detailed reasons for the selection of the 
Lehigh notched-bend test. 

The results of the various notch tests are treated in 
essentially the same way. Some criterion of brittleness 
or notch-sensitivity is established and measured over 
the testing temperature range. When the values of the 
criterion are plotted against the testing temperature, 
transition from 0 to 100% brittle, or from high to low 
notch-sensitivity results. A temperature must be se- 
lected which represents the temperature range at which 
the transition took place, and this transition tempera- 
ture is then characteristic of the material and the treat- 
ment which it has received, as weli as the type of speci- 
men used. 

There are many problems to be faced in constructing a 
transition curve and establishing a transition tempera- 
ture. The testing temperature interval and the number 
of tests at each temperature to achieve a desired accu- 
racy in transition temperature must be known. Also the 


Adri F. S hbrook, formerly Assistant Research Engineer, Fritz 
Engineering Laboratory, Lehigh University. 

Bruce G. Johnston, formerly Director, Fritz Laboratory, and Professor of 
Civil Engineering, Lehigh University, now Professor of Structural Engineer- 
ing, University of Michigan. 4 

Robert D. Stout is Professor of Metallurgy, Lehigh University. 


Adapted from a master’s thesis by A. F. Scotehbrook. 


reproducibility of measurements should be calculated 
and the main causes of scatter in these measurements 
should be found. Finally, a method for drawing a 
curve through the data must be established, as well as a 
basis for naming a transition temperature representa- 
tive of this curve. 

This paper will discuss these problems for the Lehigh 
slow notched-bend test. It may be assumed that the 
method of treating the problem would be similar for 
other types of specimen used to find the transition tem- 
perature of a steel. To study the transition curve, a 
large number of tests were made at temperature inter- 
vals smaller than usual. 


THE LEHIGH NOTCH-BEND TEST 


The Lehigh slow notched-bend test is shown in Figs. 
2 and 3. The specimen used was somewhat different 
from that developed as a weldability specimen, the dif- 
ferences being that the specimen in Fig. 2 has a 
thickness of 5/s in. and uses an Izod notch of only 0.010- 
in. root radius, whereas the weldability specimen is the 
same thickness as the plate from which it is cut and the 
notch has a 0.040-in. root radius. The change to °/s in. 
thickness was due to the fact that the material for the 
program was rolled in two thicknesses °/s in. and 1'/, in. 
In the case of the 1'/;-in. plate, one side was machined 
to leave a °/s in. thickness and the notches were in the 
rolled surface. Normally, transition curves have been 
established by testing four specimens at each of six 
temperatures. However, in this special study of the 
transition temperature, ten tests were made at every 
20° F. until the range was covered from a completely 
brittle cleavage failure to a completely shear failure. 
Three measurements were made for each test; the 
per cent lateral contraction of the specimen, the per cent 
of the fractured area which was cleavage and the energy 
absorbed by the specimen during loading. 

The width of the specimen was measured '/ in. be- 
low the notch before and after the test to give the lateral 
contraction. Per cent cleavage values were measured 
with a scale. The energy values were obtained as fol- 
lows: a string and pulley system connected the moving 
plunger with a cylinder which had a pen following the 
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load indicator (Fig. 3), so that a load-defleetion curve 
was drawn for each test; the area under this curve from 
its start until the load passed its maximum and dropped 
to half maximum was measured with a planimeter; 
this area was converted to energy in foot-pounds by a 
calibration of the plunger movement and load indicator 

The steel used for these tests was from a pedigreed 
heat made for the purposes of research. The steel was 
rimmed, made to A.S.T.M. Specification A-70 now 
termed A-285, Grade C, 
study were taken from Ingot 9, of °/s in. thickness. 
H A complete mill history and study of the property varia- 
tions of this steel are available.* 

Most of the specimens used for the tests to be de- 
scribed were cut from a section at the bottom edge of 
the plate, but an additional section was taken from the 
center in the top third of the plate. A record was kept 


and the specimens for this 


TOP 


L601 
-804| +406 
140 
100] 
80° 
20 
601 
BOTTOM 


Fig. 1 Position in plate of speci- 
mens tested at various temperatures. 
Seale: Lin. = 4 ft. 


404 
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of the position in the plate from which each specimen 
came, as shown in Fig. 1. 


REPRODUCIBILITY OF OBSERVATIONS 


All of these measurements were made three times 
twice by Observer A, and once by Observer B; these 
observations were designated Al, A2 and B1, respec- 
tively. Each value was plotted against the tempera- 
ture at which the test was run. All of the Al observa- 


tions are given in Figs. 4 (A), (B) and (C). 
For each criterion of notch-brittleness, the ten points 
at each temperature were averaged, and the averages 


were connected by straight lines. Since there was 
change in the sign of the slope in the per cent contrac- 
tion and per cent cleavage curves between 60 and 80° 


F., another set of specimens were cut frorn a different 


spot in the plate, and were also tested at 60° F. The 
resulting curves for Observations Al and B1 are given 
in Figs. 5 (A). (B) and (C). 


SPECIMEN SIZE 
NOTCHES AT 4” INTERVALS 


080" DEEP 


45° ANGLE 
ROOT RADIUS 


Fig. 2 The Lehigh slow notched-bend test 


Fig. 3 Rear view of testing assembly 
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notched-bend test A-70, °/.-in. plate 


Fig.4(A) A-1 Observations of per cent contraction Lehigh 
slow 
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TEMPERATURE - °F 
Fig. 4 (B) 
slow notched-bend test A-70, */,-in. plate 


4-1 Observations of per cent cleavage Lehigh 
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Fig.4(C) A-1 Observations of energy absorbed Lehigh slow 


notched-bend test A-70, */,-in. plate 
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Fig. 5 (A) Arithmetic 
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dard deviations for 


ten values at each temperature. Criterion: per cent con- 


traction 
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Fig. 5 (B) 
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frithmetic means and standard deviations for 
ten values at each temperature. Criterion: 


cleavage 


100 150 200 


per cent 
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Fig.5(C) Arithmetic means and standard deviations for 
ten values at each temperature. Criterion: Energy ab- 
sorbed 
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For all conditions, the standard deviation from the 
average at each temperature was calculated according 
to the formula: 


N-1 
where 
o = standard deviation. 
x = single observation. 
xz = average observation. 
N = number of observations being considered. 


Using the formula above, the deviation between ob- 
servations Al and A2 were calculated for each temper- 
ature, and also the deviations between Al and BI. 
(The standard deviations for Al observations are 
plotted in Figs. 5 (A), (B) and (C).) Since the three 
criteria resulted in different heights of curves, and since 
the deviations were expressed in the units of the crite- 
rion for which they were calculated, that is per cent 
contraction, per cent cleavage or foot-pounds, it was 
necessary to convert all the deviations to an absolute 
scale for comparison. This was done in the following 
way: the highest points, measured in inches, on the 
curves shown in Figs. 5 (A), (B) and (C) were used as 
reference points, and the factors to expand the per cent 
contraction and energy curves to the height of the per 
cent cleavage curve were calculated; then all the devia- 
tions were measured in inches and multiplied by the 
conversion factor. The deviations between observa- 
tions, converted thus to the same scale, are plotted in 
Figs. 6 (A), (B) and (C). ’ 
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Fig. 6 (A) Standard deviations between observations 
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For all three criteria, the deviation was lowest at 
temperatures below the transition range, as is shown in 
Figs. 5 (A), (B) and (C). In the case of per cent cleav- 
age measurements, Fig. 5 (B), there was noticeable in- 
crease in scatter near the transition temperature 

Scatter is also a function of the type of measurement 
being made, as shown in Figs. 6 (A), (B) and (C). Per 
cent contraction measurements (Fig. 6 (A)) have a 
greater tendency to observational error at higher tem- 
peratures—particularly noted in this case between Ob- 
server A and Observer B. Per cent cleavage measure- 
ments (Fig. 6 (B)) show no error in measuring at the 
100% brittle and 100°, ductile levels, since there is 
little chance of mistaking these points. The deviations 
are higher in the transition range. Errors in measuring 
energy absorption (Fig. 6 (C)) are constant over the 
temperature range. These deviations indicate that of 
the three criteria, energy measurements are much less 
susceptible to observational error. 

Specimens taken from the bottom edge of the plate 
had a more ductile fracture area than those taken from 
the center of the plate, and greater contraction below 
the notch, both of which would have resulted in a lower 
transition temperature if the whole series had been 
taken from the bottom edge of the plate. The strength 
of the material, as shown by the maximum load taken 
by the specimen, increased from edge to center of the 
plate. These variations are in agreement with the pub- 
lished study of variations,* and with the chemical vari- 
ations given earlier in this report. The ten specimens 
taken from the bottom edge of the plate and tested at 60° 
F. also showed greater scatter than those taken from the 
center of the plate (Figs. 5 (A) and (B).) It is interest- 
ing that the energy values, Fig. 5 (C), did not show any 
difference between the weaker, more ductile specimens 
and the stronger less ductile specimens. 


DEVIATION BETWEEN OBSERVATIONS Ai, A2 
DEVIATION BETWEEN OB8SERVATIONS Al, BI 
a+ SPECIMENS TAKEN FROM BOTTOM, EDGE OF PLATE 
b+: SPECIMENS TAKEN FROM TOP THIRD, CENTER PLATE 
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Fig. 7 Standard error of mean at each temperature as a 


method of determining reliability of transition tempera- 
ture. Criterion: per cent contraction 


ESTABLISHING A TRANSITION 
TEMPERATURE 


A “transition-temperature,”’ at best, is an arbitrary 
value, depending on type of test, type of observation 
and other factors. Its significance is relative rather 
than absolute and the transition temperature for a par- 
ticular test does not necessarily predict the transition 


P ’ temperature of the same steel in an actual structure. 

‘The Lehigh project established the transition tem- 
; perature as the temperature when the straight line 
' connecting the averages at each temperature passed a 
F level of the criterion equal half the maximum. The 
4 reliability of transition temperatures established in this 


way may be compared in terms of the standard error of 
the averages, calculated according to the equation 


Op 
= 


standard error of average. 
standard deviation of the entire population es- 


= 


op = 


tablished by vilz od 
N-1 


lated for N = 4 at —80°, —40°, 0, 60, 120 and 180° F., 


since these are temperatures which would probably 


have been selected for a regular run. 


The results, with 


shaded area indicating the range in which the half 
maximum value would fall, are given in Figs. 8 (A), (B) 
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Fig. 8 (4) Mean and standard error of mean for 24 tests. 


Criterion: per cent contraction 
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Fig. 8 (B) 


150 200 
TEMPERATURE , 
Mean and standard error of mean for 24 tests. 
Criterion: per cent cleavage 


N = 


number of observations being averaged. 


Approximately 98°) of the averages would vary be- 
tween + 2.8 0, of the entire population mean. 

Then 2.8 o; was calculated at each temperature for 
j the per cent contraction curve to find the range within 
which the averages at each temperature would fall 98 
times out of 100. This range is plotted in Fig. 7. The 
half maximum value for the per cent contraction and 
energy curves would also have a range, then, resulting 
in a transition temperature range indicated by the 
shaded area in Fig. 7. This means that the transition 
temperature, the middle of this range, should be given as 
— 18 + 25°. To find the reliability of the transition 
temperatures when the usual number of 28 tests were 
made at greater temperature intervals, ¢; was caleu- 
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and (C). It can be seen that the per cent cleavage 
transition temperature at low levels of contraction is 
much more reliable because the curve rises more rap- 
idly, and because the per cent cleavage value at high 
temperatures is constant. Other investigators’ have 
suggested that a constant level of 1% contraction is 
more significant to service requirements than the level 
of half maximum. The reliability of the per cent con- 
traction and energy curves is increased by establishing 
the transition temperature at a low level of contraction 
or energy, such as 1°% and 400 ft.-lb., where the slope is 
greatest and the scatter low. The reliability for the 
contraction transition temperature would then be 
+9.5°, and for energy +7.5°, instead of +35 and +39°. 
There is considerable merit to the choice of a low ductil- 
ity level as the criterion. 

If it were necessary to have a greater reliability of 
transition temperature than that achieved by four tests 
each at approximately 60° intervals, more tests could 
be run at any one temperature and/or smaller intervals 
between testing temperatures could be used. 


SUMMARY AND CONCLUSION 


1. Scatter is greatest in the transition range for per 
cent cleavage values. 
2. Seatter can be caused by variations in material 


within a plate, errors in measurement and differences in 
making specimens. 

3. Per cent contraction and per cent cleavage meas- 
urements are subject to much greater error than are 
energy measurements. It is suggested that, as far as 
possible, the same observer make all the contraction and 
cleavage measurements in a comparative study 

4. For the steel tested here the reliability of transi- 
tion temperature at the half maximum level curves 
made from 24 tests using the method of connecting aver- 
ages, 4 tests each at 6 different temperatures, was calcu- 
lated to be: per cent contraction, =35°; per cent 
cleavage, +19°; energy, +39° 

5. By using 1% contraction and 400 ft.-lb. as the 
level for establishing transition temperatures, these reli- 
abilities become per cent contraction, =9.5°; energy, 
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Correction 


We would like to call your attention to an error in 
our paper “The Effect of Nitrogen on Brittle Behavior 
of Mild Steel,” published in THe JourNat, 
Research Suppl., November 1950. In transferring the 
original data into tabular form, the values of the 
E-Index of Embrittlement reported in Table 3, page 
541-s were not placed in proper order. 

The correct table for the work-brittleness test results 


follows: 


Table 3—Work-Brittleness Test Results 


E-index of 


Nitrogen, Mn/C, embrittlement 
Steel % ratio Unaged Aged 
05 0.005 2 50 172 87 
51 0.006 2.27 152 102 
86 0.008 2.19 286 O68 
18 0.008 2.22 151 134 
30 0.008 2.13 180 i) 

13 0.009 1.85 171 91 

15 0.011 2.33 128 91 
10 0.011 2.24 119 75 

02 0.005 50 483 30 
87 0.006 5.25 456 
00 0.009 4.70 363 132 
5.20 342 170 


This error does not affect any of the material of the 
text nor the curves plotted in Figs. 11, 12 or 16. How- 
ever, a discrepancy would be noted if an attempt were 
made to verify the curves from data in the published 
table. 

G. H. Enzian and G. J. Salvaggio 
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The Determination of Initial 
Stresses and Results of Tests 
on Steel Plates 


Discussion by Wiley E. Magee 


My strongest reaction to the contents of this paper is 
that a relatively simple and practicable method appears 
to have been developed whereby the locked-in stress 
situation in completed structures of welded steel plate 
can be investigated under conditions considerably less 
destructive than those associated with the plug-method. 
This comparison comes easily since the plug-method 
has, in my association with ship structure, been more 
widely used than any other for locked-in stress investi- 
gations. When plating is “plugged,” closure difficulties 
are experienced which should be largely obviated in the 
case of the drilled hole. With rivet closure for the 
drilled hole, high restraint welding is unnecessary and 
unsightly appearance is minimized. Furthermore, the 
liability of introducing a potential fracture source as a 
by-product of a drilled rivet hole is considered to be 
negligible. 

Where accuracy of locked-in stress measurements is 
concerned, there are indications that the drilled hole 
method may be superior to the plug-method. As I re- 
call, a study of progressive removal of edge material 
from plugs of the size normally cut, indicated sizable 
additional strain relaxations above those measured 
incident to the plug removal. This situation may place 
a limitation on the value of some existing “plug” data. 

In addition to stresses from applied loading, residual 
weld stresses and stresses due to welding structural com- 
ponents under restraint, the studies and experiment upon 
which this paper is based serve to high-light an appreci- 
able factor which future locked-in stress studies will have 
to take into account. This factor is the magnitude of 
existing initial stresses in “as-rolled” plate. Even after 
stress-relief heat treatment in the present case at 
1150° F., the plates retained initial stress levels of 2500 
psi. (approximately the material yield point for the 
temperature indicated). 

In the shipbuilding field there has been continued in- 
terest and investigations on the subject of locked-in 
stress since the onset of Liberty ship failures. The 
residual weld-stress situation appears to have been 
reasonably determined, but the locked-in stresses due to 
welding restrained members and the construction prac- 
tices which influence same have not been fully deter- 
mined. In addition, some clarification study appears 
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Discussion—Residual Stresses 


to be warranted in connection with a widely accepted 
conclusion of the 1946 “Board Report” which states 
that “locked-in stress did not contribute materially to 


the failure of welded ships.”” This conclusion cannot be 
seriously questioned in view of the infinite number of 
locked-in stress locations (found in all classes of all- 
welded vessels) which have never experienced a failure 
as compared to the relatively few locations, all involving 
a serious notch, which have experienced failures. How- 
ever, there is a rising tide of opinion that locked-in 
stresses, if they can be superposed upon stresses result- 
ing from applied load systems, may have sometimes 
contributed to a failure stress particularly in way of 
structural notches. This situation is yet to be studied. 
Of course by the same criterion the compressive locked- 
in stresses which predominated in the critical deck areas 
of the Liberty Vessels may have been responsible for 
preventing a great many more fractures. 

In connection with the experimental \ values (i.e., 
coefficients of sensitivity) presented in the paper, it 
would be interesting to see some figures on calculated 
theoretical values covering the gage areas. 

In determining stresses by the drilled-hole method 
where the stress in the plate is above '/; of the yield 
point of the material (thus providing yielding of ma- 
terial in way of the hole), it seems important that there 
should be an experimental or analytical background to 
indicate the validity of results and that such data 
should be included in the paper. 

It appears that the practical operation of drilling both 
the guide hole and the final strain increment hole is of 
considerable importance in the method described. It 
would be interesting to know about methods which were 
tried and discarded, if any, and about any details 
associated with the operation which the authors found 
to have an adverse effect upon results. It would also 
be interesting to know the drilling rates used by the in- 
vestigators to avoid overheating of gages. 

The paragraph which follows Equation 9 in Part IT of 
this paper appears to be an abridgement of an im- 
portant connecting link in the mathematical and 
thought development of this paper. It seems that this 
paragraph is the key to the application of biaxial 
theory and experimental data which is based on as- 
sumed directions of the principal stresses to the solution 
of cases where such directions are unknown. Consider- 
ing Equation 8 in connection with the radial gage ar- 
rangements of Fig. 1, and assuming a/r constant, the 
theory which is not presented should show the validity 
of determining the maximum and minimum strain dif- 
ferences ¢, and ¢, from simultaneously measured radial 
¢ values taken on 3 arbitrary but different angular axes 
with respect to the principal strain axes. It is believed 
that a mathematical elucidation of the above would 
contribute considerably to the value of this paper. 

In conclusion, I would like to congratulate the 
authors not only for a well organized and interesting 
paper, but for their specific contributions relative to the 
understanding and practical measurement of locked-in 
stresses. 
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Heliweld Aluminum with STANDARD DC Equipment 


...USing NEW AIRCO Thor-Tung and Helium 


This new DC straight polarity method of Heliwelding 
gauge thickness aluminum, using Helium and Airco’s 
NEW Thor-Tung electrodes, points the way to impor- 
tant savings by eliminating high frequency oscillators 
... Special welding transformers . . . and special insula- 
tion problems that were necessary with AC and Argon 
shielding gas. 

Now, with the NEW process brought to a high state 
of development in Airco’s laboratories, all the good fea- 
tures of DC welding can be enjoyed — a hotter, more 
efficient arc that gives deeper penetration and faster 
welding, with lower gas consumption per foot of weld, 
less distortion, and reduced plate-edge preparation. 

Designed for use with a standard Airco DC genera- 
tor, this new Helium — Airco Thor-Tung technique 
keynotes simplicity, safety and economy of operation. 
All special problems have been eliminated, and equip- 


ment requirements reduced to the minimum — all that’s 
needed is the DC generator, a Heliweld holder (either 
manual or machine), Helium gas, and Airco’s NEW 
Thor-Tung electrodes. 

So, if you are fabricating aluminum in your shop, 
ask your nearest Airco office about the NEW DC 
Helium — Thor-Tung Heliwelding method today. Call, 
or write now. 


THIS NEW PROCESS GIVES YOU: 
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a minimum of distortion 
less plate-edge preparation 
faster welding 
naturally stable arc 
substantial gas savings 
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